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ABSTRACT 

Basic water-related concepts and underlying 
principles of acid rain are described in this curriculum in a manner 
that young children can understand. The curriculum consists of 
activities presented in four units: Background Unit, Earth Science 
Unit, Life Science Unit, and Extension Unit. The first three units 
consist of several modules, each module containing a teacher-directed 
introductory activity followed by two or more laboratory blocks 
(consisting of several student activities). The introductory activity 
is a discrepant event or open-ended in nature to encourage students' 
questions and to motivate them to .further inquiry in the activities 
included in the laboratory blocks. A transition section (or focus) is 
included between each laboratory block, tying in concepts explored 
earlier to those concepts which follow. Materials needed and 
instructional strategies are noted for each activity. Topics covered 
include the nature of water, clean/dirty water, acids/bases, water 
cycle, Minnesota's glacial past, acids and rocks, stream tables, 
ecosystems, and acids and brine shrimp. Field trip activities are 
included in the Life Science Unit. The Extension Unit includes an 
acid rain game and various acjtivities (including a simulation) 
related to use of the Boundary Water Canoe Area in northern 
Minnesota. Student materials for this unit are provided. 
(Author/JN) 
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INTRODUCTION 



The Great Lakes states of the Upper Midwest are generally characterized 
by an abundance of water. Whether that water be from the Great Lakes, Che 
largest contiguous freshwater body in the world, or from inland lakes, or 
from the large Upper Midwest water table, water is an important resource 
CO residents of this region. Protection of this valuable resource requires 
citizens who are knowledgeable about water and the threats to water qual- 
ity. Even the youngest students can begin to appreciate this Itfe- 
sustaining resource, and their role in its protection. 

Acid precipitation has become a threat to much of the freshwater 
in the Upper Midwest as well as many other parts of the United States, 
Canada, and Scandar^avia . Formed from industrial and automobile pollutants, 
acid precipitation has the capability of rendering a lake barren ot fish. 
The basic underlying principles of acid rain are described in this 
curriculum in a manner that young children can understand. 

FORMAT 

There are several KEY CONCEPTS for each module in each of the . 
four units. An ACTIVITY BLOCK with MAIN IDEAS is developed for each 
KEY CONCEPT. All modules have a teacher directed INTRODUCTORY ACTIVITY 
which is a discrepant event or open-ended in nature to encourage student 
questions and to motivate them'to further inquiry in the activities to 

follow. , , ^ 

MATERIALS and the necessary ADVANCED PREPARATION are noted for every 
ACTIVITY BLOCK which may include anywhere from one to six activities. 

A transition section, or FOCUSj is included between each Activity 
Block. This consists of a PARAPHRASE or the concepts and/or activities 
explored earlier and how they relate with the next set of activities/ 
concepts, and a QUESTION to lead the students in an Inquiry mode into 
the next Activity Block. 

Although a specific FOCUS for each ACTIVITY BLOCK is provided, 
teachers are encouraged to adapt them to their particular class and to 
make up their own FOCUS statements between the Individual activities as 

well. ,11/ 

Specific direction for setting up each activity are included/ 

under PROCEDURE. EXTENSIO!, activities are suggested to give some 

Ideas CO teachers who might want to develop the Activity Block or Module 
further. 
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" In this nodule, student hands-on activities focus on ^ 
questions related to tl.e various properties of waier such ,as s'jr;fc»ce 
tension, expansion whe«i freezing, ond the buoyrnt property of \;ater 
which' allo\>?s niany objects to float. Allow students' interests and 
questions to guide- you in the selection of appropriate activities and 
don't feel limited to the activities here. These activities v/ill 
probably cause children to generate tuore questions that can lead, their 
into designing their own expWiments. y , ' 

'AP^POXJMTE TIME: 6-7 class periods 

ITY CO.MCb^TS OF THE IIODULE:: • ^ " ' 

A., l/ater hos a strong terdeiicy to stick to itself (surface 
tension) . 

Ci, When v;ater freezes into ice, it e>:p?nds, beoomos less dense,- 
orci tl us cai> float on \uiter. 

C. The ability of an object to float in \:ater dep<^nds upon how 

ruch wciter it is able to displace (fu>sb. nsidej. 

f" « * •« 

MATEf'IALG m:W3 FOH THF/rbPULF.: 

For each student croup: clear plastic drin!:inr classes, - 
oyedropp'er, large plastic containers, paper clips, water, corn .vyrup^ 
rubbinc alcohol, liquid. Jish soap, copper \/ire, waxed paper, aluminur 
foil, paper toweling^ screw lid glass jar (e.^., baby food jars), 
plastic sandv/ich ban,, ice cubes, wooden blocks U" x 1/2*^),^^ 
bi?ckot, pill bottle, rubber bands, cons of different slr.es, rulers, 
plasticene (oil-based clay), rulers, and soapa'lakes. 



INTRODUCTORY ACTIVITY 

IIATEPIALS: ^ * ^ ^ - ' 

ClecT plascic container, eyedroppers, er.ipty plastic containers, 
paper clios, unter. 

PRKPAPi^TIOM SUGGFSTIOi': 

Provide each stiident group with eyedroppers, a clear container 
filled vfith water, and several empty containers, and various objects 
such as paper clips. You will also \^ant to have a i3cod supply of 
paper towels on hand. 
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PPOCEDURE: 

Divide the students- into groups of three. Provide each r>roup 
vjith the materials mentioned above and then structure their ^oup v;ork 
by rci-ating to them' the follovdng story: 

"V.liiie walking home from school one afternoon, you meet a visitor 
from another planet. He asks you to explain to him v;hat this strange 
stuff called 'water' is. Each group is to list as many things as they 
can think of about water to tell this visitor. I've provided some 
water to help sive you soric' ideas." \ 

e/.te::sio!': . 

Each student group could also be asked to choose tlieir best 3 
obscirvations about water and .incorporate then in a cartoon-fey pe_ 
picture of their meetin[. with the strau^e visitor. They could have- 
fun imagining what he might look like .and the cartoons could then be * 
put up in the rooni along \iith t'i'^ir lists. 

AGimTY BLOCiC A— '..liAT CAUSES V/ATER TO STICK TO ITSELF? 
VAVJ IDEAS: 

' 1. '.fat'er has a high surface tens^qVi (tendency to stick to 

itself). • ' 

^ 2. Impurities in water affect -this tendency to stick to itself. 

f'ATEFJALC: = ' " . ■ ^ ■ / 

• '..'ater, corn syrup, rubbing alcohol, liquid dish soap, clear 
containers for the, liquids (about, 1 pint>,' copper wire, waxed i?aper,— 
alumnuni foil, clear plastic cups/ glasses, pr.per toweling. 

PREPAHATIOK SUXESTIOIiS: / . , . 

Obtain the above materials and student groups can set up^the 
?ctivities themselves. 

FOCUS: 

Paraphrase: "Yesterday you imagined v/hat it 'jould be like to 
.itell a strange visitor from another planet everything you knew about 
water. You made lists of the different properties of i;ater that- you 
have observed or could think of. The next few r.ctivities you are 
goi(3g to do will help you observe and learn even more about water and 
its different properties." ' 

Question: "V.'hat can you tqi.1 the strange visitor about water 
drops and the 'stickiness' or 'grabbiness' of water?"_ Hlore specific 
questions should be given as part of the/ocus before each activity 
arc: as part of the different task statenients.) . & 
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ACTIVIT'Y 1 • . ' 

> 

VAlii IDEA: 

The surface tension of a liquid can be observed by the shape th^t 
5 drop of liquid talces, 

PROCEDURE: 

Provide the student groups with eyedropcers, containers of vater, 
pieces of waxed paper, alUFninuni foil, and paper tov/.elin^-. 

The following questions can be used to stimulate the student's 
e::ploration of the shape of water drops. 

1. V.Tnat can you find out about the shape of vjater drops? 

2. 1/hat happens when you add rr.ore drops? 

3. iJhat happens when t\^o drops collide? 

^l. Vliat happens when you put the drop on vaxod paper over sorje 
i.riting? 

5. '-'hat happens if you put an air bubble in the drop? 
Have them make sketches of the drops and a sequence of sketches (of 1 
to 5 drops) 




ACTIVITY 2 ^ 
IViin IDEA: 

Surface tension is a property of the liquid and \all be different 
for different liquids. 



..£3.,., 


n 0 


WATER 


ALCOHOL CORN SYRUP 




KIND OF LIQUID 



PROCEDURE: 

Provide the student groups \/ith eyedroppcrs, i;axod paper end the 
- following liquidi.: water, corn syrup, rubbing, alcohol, and liquid 
dish soap. ' ' • 

- Ask the student?, "V.'hat can you find out about the shaf.e of the 
drops for these liquido?" 



ACTIVITY 3 

Since vjatcr tends to stick to itself, a glass can be filled 
higher than its rim vJithout overflov;inG. 
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PROCEDUnE:: * ' 

Prav^de the student groups with water, an empty nl^ss, a 
container to catch spilled water, and an cyedropper. 

ISsk the students the-folloi-jing questions: "I!ow much water cai. 
you put into the glass without spilling over?^' (If the students have 
filled the -container carefully, they should be able to observe, by 
viewing the Glass from the side, that the water extends over the top 
of the class.) 



ACTIVITY U 
!"/Jfl IDEA: 

Soup bubbles fomi because the surface of the liquid acts like a 

skin. 

PPOCEDUHE: , . / 

Provide the student groups with a thick soap solution (prepared 
bv plaoinc '! tsp. of soap flakes, such as Pels naphtha, in M cups of 
hot v.ater and letting stand for j^l days) , and several pieces of copper 
wire (or paper clips can be used for smaller bubbles). 

Ask the students: "How many different ways can you think of to 
make soap bubbles?" In your instructions, encourage the students to 
experinient with all sorts of different shapes (3-ciimensioncl wire 
fortps made simply by bonding wire will give excellent soap bubbles) . 




EXTI-IlSIOi': 



:-|/.TERIALS: , . 

Large cake pan (8" x I'l"), dish soap, plastic straws, tvjine. 

PFOCEDURE: 

Large soap bubbles car, be made by threading two straws onto ; 
lar^ie piece of' twine. Tie the twine into a loop (see diagram). 




Make a soap solution by mixing the dishsoap v/itl-. water. Place 
the buljble maker into the soap solution. Pull the bubble maker 
quickly up and out cf the solution and, at the same titiie, bring the 
tv;o strav/s together to fonn a bubble. 

Ho-; big can you make the bubble? 

Can you catch a bubble? (l.'hich works best— wot hands or dry 
hand 5?) 

-\Jhat colors do you see in the bubble? 
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^ ACTIVITY BLOCIOE—Vn^AT IIAPPFJIS VMUl FHEEZr'S? 

KAD^'IDEA: 

1. \^QX\ v;ater freezes, it expatids* 

2. VJater expands upon freezing and the r^sultinp ice \Jill float* 

Screw lid glass jar (students should bring these from home), 
^ plastic cups, v;ater, plastic bag, ice cubes. 

FOCUS: 

, Paraphrase: "In the last series of activities \;g discovered on^ 
property of v/ater~that is, how 'sticky^ or 'grabby' water is* '.Jater 
has some other ?pecral properties when it freezes, and in the next 
activities we arc going to discover at least tvjo of those." ^ 

Ouestion: "\lhat happens to v;ater if we put it in a jar and allow 
it to freeze?" 



ACTIVITY 1 ' ^ 

IIAi:-: IDEA: 

VJhen water freezes, it expands* 

PROCEDURE: 

Fill un old, screvj-lid glass jar or bottle with \;atcr and tif;htly 
fasten on the litU Asl' the students to^ predict what will happen if 
you put lha jar in the freener. ^ 

Place the jar in a plastic bag and seal it* Place the bag in the 
freezer (or outside if it is below freezing) for ?'l hours and then 
bring in the? bag. 

Discuss with the student the reason why the bottle broke* Ask 
students how the expandi*ng of ice sonetiines damages roads and 
sidewalks during the winter* 

1 

ACTIVITY 2 

VMV inEAf 

Ice i;ill float* 

PROCEDURE: 

Provide the students with glasses of water and ice cubes. 
,The following questions can be used to stimulate the studoMts* 
OKploration of the properties of ice: 

*1. ^'hat happens ^o the' ice \;hen you put it in water? 
• 2. About ha*; na:ch of the ice cube is above the water? 
3. ITi'in water freezes on a lake, the ice is at the top* V'hat 
v/ould fiappen to fish if ice were heavier than v^ater? (Fish would have 
to move to the top of lal<e and nrobably \jould have nothing to feed 
on.) 



ACTIVITY CLOCK C~\:ilAT VdWiEZ ODJECTS' FLOAT? 
vriil IDFAS: 

1. Floating objects can be made to sink by naking them heavier* 

2. Objects which sink can be tnade to float by sproadinrj thc-in cut 
so tliat they displace more viater. 

3. Objects appear to be lighter (in vieight) in water. 

PJIEPARATIOl.' SUGGESTIOnS : '■ 7 

You Vv'ill i-.eed to obtain several wooden blocl-.s (i!" x x 1/2"). 
If these are shellacked or varnished, they i.'ill lant longer. 

f'ATr^l^IALS: 

Duttono, ivory soap, v^ashers, ping pong balls, cork, pieces of 
SDongc, uooden blocks (4" x il" x 1/?"), larse containers or buckets, 
pill bottles, rubber bands, cans, of different sizes, rulers, and 
plasticcne (or oil based) clay. 

FOCUS: V 

'paraphrase: "In the last tv;o activities you learnefi \\m water 
expands when it freezes and floats. In the next few activities, you 
will be studying about v/hethcr objects float in water." 
Ouestion: "\Ihat makes objects float?" 



ACTIVITY 1 . 

* 

mif! IDEA: 

Some, objects will sink in water and some w 1 float. 

PRnCEDUCE: ^ 
• Provico the student groups with a tray containing some or all Oi 
the following objects (or other objects of your choice, e.g., buttons, 
ivory soap, washers, ping pong balls, cork, pieces of sponce). 

After students have made their predictions, provide them with a 
container of v;ater to test the accuracy of their predictions, 

A data sheet is provided on the next page. Students should use 
the top portion of the table (nidrked "predicted") to list under "sink" 
those objects which they predict will sink and under "float," those 
objects expected to float. 
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DATA TABLE 
SINKEks AND FLOATERS 



SINK 



FLOAT 
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ACTIVITY 2 . ^ 
IDEA: 

Floating objects can be nade to sink by niaUinj.; then heavier. 

i i*" ^ 

PPOCEDUHES: ' . ' 

Provide the student groups v/ith containers of water (such as a 
plastic bucket). Give thei;^. several cans of different sizes* 

The foUov/inf, questions can be used to stimulate the students' 
exploration of floating objects: 

1. l!lnich can is harder to push under the v:ater? (Add \/fiter to the 
Cfjris until they just sinl: to the rim.) 

^. Itiich ean needs the most v;eight to just sink it to the rin? 
(Provide the students with wooden blocks, x ^1" x 1/2".) 
3. '*ow much of the block floats under the ^/ater?* 

Vov. car. you n^ake nore of the block sink? (Pile on more 
blocks J 

5. \'hat happens when you pile up several blocks? i!ow much of th^ 
stack is under water? 



;:Ait: idha: 

Sinking objects can -be raade to float by spreadine; them out so 
thiit they disf.lace noro \;ater. 

PPOCEDURE: ■ , 

Provide the students with balls of oil based clay. 

Challenge the groups to deyise o \;ay to Make the clay float. (In 
order for an object tQ float, that cbj'ect nust displace a weight of - 
W3ter greater than the weight of the object. Since a c^rk is fairly 
linht when compared to its'volurr.o it will displace a c^^^iater v;eipht of 
•water than it ;'ei?hs itself, nail, on the other hand, is relatively 
bcz.yy for such a s::s^ll size, so it v;ill sink. These concepts of 
buoyancy, displacement, and densi^ty are difficult for elementary 
students to understand. It would be sufficient If the students could 
discover for themselves that a ball of clay that \;ould sink can be 
made to float by spreadine it out.) Tell the students to use the 
washer^s to see how nany it takes to sink a boat rr^ade of clay. Allow 
thcL to try other fiiaterials such -as tin foil or paper.. 

D'TEPSION: 

You nay wish to extend this activity by pointing out how 
important this property of floating is to ships. The large oil 
tankers are designed so that vjhen they are full they will be floating 
at the proper level. However, vihen they are empty and, therefore, 
lighter, they \;ould have a tendency to float too high on the \;ater and 
might be in danger of overturninn. For that reason, the empty ships 
ur^- often filled with sea water as "ballast" to uvakc than heavier and 
heace safer. 
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ACTIVm II 
l!AIf! IDEA: 

Objects appear lichter (in v^ei^ht) in water* 
PROCEDUnE: 

Provide the students with pill Bottles and rui)her bards, l-'avc 
students fill thb pill tottles with water. Ask the groups if they can 
figure out a way to find out v:hich bottles are heavier just usUir 
they have available. (They can measure how far the rubber band 
stretches whfen attached to the pill bottle ond lifted^^off the tcblc. 
Students should be ejicouraged to use rulers to rueasure the loncth of 
the stretched rubber bancU) 
CULMINATING ACTIVITY 

You may wish to return to the original situation of the vicitor 
fron\^outer space. Each group or individual student could noi; dc sotiC 
creative v;riting tellin^j the story of their meetinr: with the strnnr;c 
creature. Tney could illustrate these stories and share tlier* vjith tl:e 
class -and theu put them up on display. 

This might also be a o^ocd opportunity to direct interested 
students to a study ^of shipping on Lake Superior. T\/o free 
publications ir^ay be us'efuL^Ji this regard. 

Great' Lakes, Great Boats - ^ 

f!ichie,an Departnent of Matural Resources ^ 

Ann Arbor, t'ictiif.an 



Our Great Lakes 

Sea Grant Confiiunications- Office 
1800 University Avenue 
iladison, Wisconsin 



You nay also wish to play "the \?reck of the Erihiund Eit7.gerald" by 
Gordon Linhtfoot for the students. 



CLEAN \1ATER— DIRTY UATFR 

MODULE OVERVIB"/: 

In this module, student experiments and activities vjill focus on 

"dirty" (polluted) vjater- and hou it can be "cleaned" (treated or 
purified) . 

APPnOXIHATE TIME: 1 week 

KEY CONCEPTS FOR THE UHCT: 

A. V/ater can contain dissolved and suspended materials which 
v/ill pollute it. 

Many impurities can be removed 'from vjater. 

C. Everyone should be concerned with keeping water clean. 

l-'ATFniALS NEEDED FOR THE MODULE:' 

Table salt, sugary baking soda, sand, dirt, soap flakes, coffee, 
pieces of food, plastic spoons, baby food jars, magnifying lenses, 
small containers, fresh snov>j or rainwater, plastic bleach bdttles, 
funnels, cotton, cheesecloth, gravel, old nylon stockinrs, burlap 
bags, cans with holes, paper tov/eling, water treatment rna7,e handouts. 

s 

INTRODUCTORY ACTIVHY 
PROCEDURE : 

Urite the following verse on the chalkboard 

Mother may I go out to swim? 
Yes, my darling daughter* 
Hang your clothes on a hickory limb, 
But don't go near the water. 





Ask, "\niy do you think the mother \;ouldn't let her dauphtcr po 
into the v;ater?" Students may say that she couldn't swim or that she 
had a cold or v;as sick. Hopefully, someon^ v;ill mention that the 
v/ater was dirty, but if they should use the v;ord "polluted," take the 
opportunity to write it on the board and work out a definition with 
them. Try to c^t students to share some of their feelinps about dirty 
l.or polluted) water. 

ACTIVITY BLOCK A r ''?t^AT IS DIRTY k'ATER? 



MAIM IDEAS: 

1. Foth seen (suspended) and unseen (dissolved) materials may be 
found contributing to pollution in water. 

2. V/hen a solution containinp. solids is ovaporatec!, the solid 
particles rerncjin. ' - • 

3. Polluted v/ater is often unpleasant in odor and appearance, 

SAFETY COMSIDERATIONS: - 

- Students should be instructed not to drink any of the liquids. 
The unpleasant smell is due to action of bacteria v/hich can cause 
stomach problems if ingested. ' i 

PREPARATIOII SUGGESTIOMS: 

Obtain the necessary materials for each activity (enlist the help 
of students when possible or appropriate), iiave students set up the 
activities. 



ACTIVITY 1A 
:vMfl IDFA: 

Solid pollutanue; of water may exist as suspended particiei> or 
dissolved substances. Uhen you evaporate? the solution, the solid 
particles remain. 

t'ATERIALS: 

Table salt, sut^ar, baking soda, sand, dirt, soap flakes 
(ceternent), coffee^ pieces of food, plastic spoons, plastic drinking 
classes, baby food jars .(for extension), and other substances you may 
decide to use. 

FOCUS: ^ 

Paraphrase: In the next few experiments v/e will put different 
substances in water to see if they all "disappear" (so we can*t see 
them in the water) to determine vjhether we can smell them or not. 

Question: V/hich of the substances will dissolve (^^disappear") in 
water? 
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PROCEDURE: 

^ Provide each student group with plastic drinking p,lasses half 
fHled vath water and with an observation data sheet (see attached 
example to duplicate). 

Ask tfic groups to predict vMch of the substances will dissolve^ 
amd list their predictions in the upper portion of the table. Provide 
each group with plastic drinking glasses half filled v;ith water and 
have students drop in a sraall aniount (e.g., teaspoon) of the 
substances into the water. Stir the solutJ-ons with plastic spoons. 
I'ave students fill in Table 1 under observations in the lower portions 
of the table. Ask >iie students-to compare what they predicted with 
v;hct thoy observed. Tell the groups to label their glasses with the 
substances; that they used and tlieir names and save these for part 1C . 
or the suggested EXTEIISICM activity. 

ACTIVITY 1? 
PROCEDURE: 

Provide the groups with some other substances such as epsom 
salts, bath salts^ and some mixtures (5uch as salt and sand). Ask 
them to predict uhich will dissolve based on what they Teamed in the 
last activity. Have each group record these predictions and check 
their predictions by dropping materials in the classes and stirrinj^ 
them as in the previous activity. 
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OBSERVATIONS 
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THINGS WHICH CAN BE ,SEEN AFTER 
PUTTING THEM IN WATER. 



THINGS miCn CAN NOT BE SEEN 
AFTER PUTTING THEM IN WATER. 
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^ACTLViTY IC 



PnOCEOUnF.: 

, Remind the students tl.at in the last activity soruC. of the 
jr.':;ter*ials that they added to the v;ater seemed to. "diseppear." As!:, 
"How-cai-. you find out if those- things that you put in the water really 
disappeared or" if they ore still there?*' Students raay sug^^est several 
approaches, but perhaps the raost useful is to evaporate tie solution. 
(Tho solids \;ill regain.) Label the glasses with the students' name^s 
I'XiC the contents of tho <:lasscs and place them on the \;inecwsill in 
tlic sui;. Leave the riasses until they have evaporated to" dryness. In 
your follow-up discussions, discuss hw there nay be i:luri^:s in v:atcr 
ll/;t jr-/e it dirty but that v;e can't see or <:ixll. 





EXXrNSIOri: 

Provide the student r.roupb with baby food jars half filled with 
\/ntor am; Vcirious types of food. They ndght be fished to brine things 
frcM home to put into the v;ater. Have t^^jM put the different kinds of 
food into each of the jars, label then, seal theu and set them aside 
in the sunlifjit. ^ They sh»ould cht^ole: the jars every clay and record 
cbscr vat ions concerninn appearance .^nd satoll. Have a fcllouvun "\^hat 
diii you find ouu?" discusnion. \ 
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ACTIVTTY 2 • " . • 

\m IDiTA: - - ' ' 

tJatural v;ater contains dicsolved impurities. 

tOTFPIALS: 

ilagnifyinf, lenses, small containers, fresh snov-/ or rainwater. 
PROCEDUPF: 

^.sk the cLudonto, "Can you find out if ral'^ijater or snow contains, 
thincG that can't bo seen?" Provide student r>roup$ with mognifyinc 
lenses, small containers. and a quantity of freshly fallen rainwater or 
melted snow. Fvaporate the rain or snow (use method described in 
Activity C) to see what was in it. As!' the students if they thinlc 
that the materi^ils in rain or snow are unhealthy for people (or 
whether they think that' rain and snow can be "dirty")'. ^ ' 




mil imvr 

rdrty wat^r sotaetimorrban be cleaned by sedirrientation nnd 
filtration. ^ 

MATSFIALS: ' ^ ' 

Variety of container.^: (or prepared plastic bleach bottleG--see 
belo\.0, funnels, cotton, cheesecloth, sand, gravel, dirt, old nylon 
stockings; burlap ba{js, cans with, holes in them, paper towels, and any 
other n»ateriols that you or the students picht think of to clean the 
water. 
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TEACHER PREPARATIOH: ' ^ 

Bleach bottles make handy containers for 
filtering. Ppke some holes in the^lid, and usinfi a sharp knife, cut 
the bottoijH off the bottle. The plastic bottle c^n then be filled with 
% variety of materials and the dirty vvater placed in the cut off end. 
These battles v;ill clean up easily and stack for storage. 




FOCUS: • , ' ^ ' 

Tar§£hr?se: YouWe done several experir.ents that showed you how 
".;ater can be, dirty (or polluted) even though sop.etimes you can't tell 
by looking at it -or smel^inR if. When you evaporated the water/snow, 
ycu coOQd ^ee the polluting particles that had dissolved in the water 
ar4 originally seemed to disappear. Now we^re goinfi to do some 
experirucnts to see how* we -might clean polluted/"dirty" water. 

c Ouestion: How many ways can you find to niake tl;e water clear? 

'PPOCEDURE: ' * ^ 

Provide each group with a jar of muddy water. Challenge them to 

invent a. v/by (or several vjays) for cleaning up the water. Have the 

groups share? their methods with each other in a follow-up discussion. 

A'Jhile the students' are involved in this activity, take a jar cf 
ir.uddy water and set it aside. . llhen the particles have begun to settle 
at tl/io-end of class, direct the students' attention to the fact that 
it looks\less njuddy. Shake it up again and have them predict what it 
wilLlook Ijike after sitting there overnight. Uhen they^observe it at 
tho^^inaiiig of the next class period, you can have a discussion of 
what tn^yTound out. It is important to develop the concepts of 
fiHc;ji*tion and sedimentation if the students are to understand the 
treatment in Activity Block C. 
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ACTIVITY PLqCK C—WC^' DO CITIES CLEAN UP DIRTY ^/ATER? 
MAIf IDEA: 

Cities use many of these same techniques in their water treotment 
p]antc. 

(WFRIALS: , ' 

VJater Treatment t azes 

PREPAHATIOr SUGGESTIONS: 

Contact your local water treatment plant to arronf^o ? tour for 

your class. If that can't be arranp;ed, it is possible that the 

treatment plant wil3 have speakers that could come to your classroom. 

FOCUS: 

Paraphrase: have seen hov.' filtering dirty water and lettinr^. 
dirty water sit so that the dirt falls to the bottom are both \;ays of 
cleaning \/ater. The water that you ^rink is clean. Your city uses 
these sa'ne methods for cleaning the v;ater before it c^ts to your 
faucet. 

Question: !!ow do cities clean up dirty water? 

PPOCEDUHE: ^ 

This would be a [-ood timo to explain the terms of FILTPATIOU and 
SEDIHEfiTATION if you haven't done so altready. Tell the students 
" that cities ustt these sair.e nethods to clean their u'r-^ter at a water 
. 0 treatn:ent plant." Ask then if they can think of other ways that cities 
use to clean i.^ater (you Mi^^.ht sucge^st the taste of v/ater or swiinr.in^: 
pools as a clue.) You should discuss two other methods/ chlorination 
/^nO aeration. Although it wasn't discussed in the above activities 
(because they would bo difficult to do), chlorine as well as other 
chemicals are used to help purify water. In rfddition, water is 
aerrted (iir is bubbled through or else it is shot into the air like a 
loui'itaih) both to improve the taste as well ar^ to break down uny 
rerjoininr on';anic t;«ateri?ls (by a process of oxidation). 

Pa^.d out the water treatrf;ent plant maze to do in order to ;;ive 
students sorie idea of what they should be looking: for v;hen they tour 
tiie \it\tev Treatment Plant. In your discussion, encourage the students 
to explain iiou each step in the treatment plant has helped to clean 
tl'e water. 

fxtf:i.^io::: 

Encourai?e individual students or student f^roups to do some 
invest ipatinf, to find out where their city water comes from. This 
would be a good mapping exercise. (Your local water departnent should 
be a r:ood source of inforr'.ntion.) 

PrLATRD AfTIVlTJLS: 

"The Jiffy I'ater Treatment Plant" anci "The Hekro ^ at^-r Treatment 
Plant" in Creative Scicncing by Alfred Devito and Herald Krockover. 
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ACIDS m BASES 



;'ODl)LE OVERVIBv: 

; In this module, student hands-on activities will focus on acids 
and bases, and their indicators. After their experiments have ^iven 
them a better undorstandinn of what an -acid ie, they v/ill be fiver 
some backgrcunc! infortnation on acid rajLn so they can consider its 
environmental implications. An information packet on ^cid rain is 
included at the end of the t.iodule. 

APPROXiriATR TlflE : 1 week 



KRY CO^;CEPTS OF THE MODULE: 

\ ■ A. Certain substances (such as the liquid from red cabbage 
le^es)' can be used to identify acids and bases. 

P., Acids ore vsubstances that, v;hen added to water, turn certain 
substances (such as red cabboj;^ water) a certain color; nnd bases are 
substances that v;hen added to water turn certain substances (such, ns 
red cabbage water) a different color. VJhen acids and bases are 
combined' in the proper proportion, they form neutral solution 
(neither acid nor base). 

C. Acids can caAJse pollution (e.g., acid rain or acid run-off 
rrm mine$)*. 

^^^TEPIAlis DEEDED FpR THE i:ODULE:. 

Pe(| cabbage,- beaker or pan, heat source, small containers, 
samples |of ^cids, bas^s and salts (see Activity Block B) . 



i:!TRODUciropY; activity 

PREPARATffOf! SUGGESTIOHS: 

At least; one-hour before class, cut a red cabbage leaf into snail 
pieces, [soak the cabbage leaves in very hot \;ater (boiling, if 
possible). Aiso prepare three glasses by filline the first 1/3 full 
of water the second 1/3 full of white vinegar, and the last glass 1/3 
full of k solution nade by dissolving 2 tablespoons of baking soda in 
a cup of V'^terl 

PRnci-Dunn^: 1 

Tell the students that you are coing to put on a magic show. Set 
up the p.llass'os with the water glass- in the middle. Add several drops 
•of the cabbage water ("Magic Purple Liquid") to the center water 
."lass. Point oi^t that the color is a light purple. Add the baking 
soda solution (tV.is is a base). The- color I'ill now chanf.e to grcon. 
Finally, <Wl thelvinegDr (this is an ncid). The color i.'ill chanr.o to 
r^^c" (or pink). \ 
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This discrepant event should, generate a lot of questions which - 
should be recorded on the blackboard and/or on a large sheet of paper 
for future references. 

ACTIVITY BLOCK A— V/1!AT IS "MAGIC PURPLE LIOUID"? 
VAIV IDEA: 

The liquid from the red cabbape leaves can be used to identify 
acids and bases. 

MATERIALS: 

Red cabbage, beaker or pan for boiling, heat source. 
FOCUS: 

Paraphrase: V/e saw that there was a purple liquid that changed 
colors. Today v/e will see where that liquid comes from. 

Questions : I7hat can you find out about the flaaic Purple Liquid? 
Where does the tiagic Purple Liquid corne from? ^ ' , 

PROCEDURE: ^ 

Soak red cabbage leaves in very hot water for 1 hour. Give the 
students an opportunity to do some exploratory activities with the 
liquid for awhile, investigating its various properties. 'Initiate a 
class discussion around the following questions: 

"What did you find out about the llagic Purple Liquid?" 

"l/hat happened to the water?" 
^\ "Where did the Mnagic* purple liquid come from?" 
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EXTFJLSIOn: Natural ciyes 

Hi number of naturally occurring substances contain dyes which car. 
be extracted and used to dye fabric. Look at blueberries, onion 
skins, red sumac, black wralnut, and poldenrod. You raiRht wish to do 
an art project with textiles usinc natural yarn dyed with colors ^ 
obtained from these and other substances. Also, students may be 
interested in finding out ha/ the Indians used natural dyes in their 
clothing. 




•ACTIVITY PLOCK B— V.^llAT ARE ACIDS AIID BASES? 



I'i\lf: IDFA 

Acids wjill turn certain substances (such as red cabbage water) 
rc-d, and bases will turn certain substances (such as red cabbage 
water) rreen. When acids and bases are added in the proper 
proportion, a neutrrl solution results (neiW-ier acid nor base). 

FOCUS : 

"Parr.phrase: The other day we sow that sore things will turn the 
woter frorrt red cabbages red, some things will turn it yolla/, and sope 
WQH^t change it at all. 

Ouostion: \ihich things change the color of red cabbage water? 

tlATERIALS: 

Red cabbage water in several quart containers; small containers 
eaen labeled and filled with lemon juice, lime juice, oranpe juice, 
cider, vinegar, baking soda solution, solid baking soda, ammonia 
solution, distilled water, tap water, table salt solution, solid tcble 
salt. ^ \ 
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ACP/ITY 1 



PROCEDURE: 

Divide the students into gropps of three or four. Provide each 
c-roup v;ith the labeled containers, red cabbajge vjater, and some paper 
tov/eling. 

Each group is to (1) p'redict what color each of the substances 
will turn the red cabbage water, writing its predictions on the upper 
part of the^^table (see attached sheet to be duplicated for student 
£roup use; (2) test each substance and to observe what effect it has 
on the color of the red cobbaQO solution, record ir^^ the rroup'S 
ooservations on the bottom of part of the table. 



ACTIVITY 2 

Provide each group with 1 tablespoon of bakinp. soda, 1 cup of 
water and 1 cup of vinegar. 

Instruct the students to prepare a baking soda solution by .adding 
1 tablespoon of baking soda to 1 cup of water. Ask the students 'n^at 
color does this solution turn red cabbage liquid?" and "What color . 
does vinegar turn red cabbage liquid?" Instruct the students to add a 
drop of vinegar to the baking soda solution. Ask the stuc^ents, "What 
happens?" Instruct Ihe students to slowly add the vinegar to the 
baking soda solution until the bubbling just stops.. Ask the students, 
"Vhat color does this turn red cabbace liquid?" 

FCLLO\/-UP DlSCllSSICf!: 

Have the groups share their observations, discuss any 
discrepancies in their results, and do further experiments, if 
noGOSsary, to come to some afxcerncnt. At this paint, they should be 
ready to learn terihinology if they haven't already. You could say 
something like this: "You have divided all of the things into 3 
rroups. Sorae of those things turn red cabbage water red, some turn it 
yellow, and some don't change it at all. We l.-avo special names for 
each of these groups (have the students write these names on their 
•data table). Those things that turn red cabbage solution red are 
called ACIDS; those things that turn red cabbaae yellov>,' are EASES; and 
those thin^'.s that don't change the color of red cabba;:© solution are 
TEUTPAL." 

EXTENSIO?': 

Litmus and bromthymol blue are other substances that test for 
rcids, bases, and neutral substances. The groups rr.ay want to take 
:;iiother day using those indicators as well. 
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ACTIVITY. BLOCK C - WW DO- ACIDS XAUSR POLLIITIOM? 

IIAII! IDRA: 

Acids are environraental pollutants. 

FOCUS: . ^ 

. Paraphrase: "IJe have seen that v;e can divide substances into 
acids, bases, or neutrol thincs. Many acids are useful* Lemon juice, 
orange juice, lime juice, cider, and vinegar are found in foods* Som'^ 
acids are dangerous, examples of acids that can 6e dangerous are 
battery acid (sulfuric acid), hydrochloric acid and nitric acid.' You 
may have heard about acid rain. Lately it has been in the news a 
great deal." 

Question: IJhat causes acid rain? VJhy is acid rain a problem? 
l?hat can be done about acid rain? 

PROCEDUnr.: 

Divide the students into groups of four or five. 
Each group should plan and implement a project to address t'nese 
four questions: 

r. V'hat causes acid rain? 

2. V!hy is, acid rain a problem? 

3. V/hat can be done about acid rain? 

i\. Vfhat can we do about acid rain? (Group project) 
Each group v/ill need to do research to answer the first three 
questions. Then group and class discussions v;ith the teacher can 
F.cnerate rony group/class project ideas so that each group can tlxn 
choose, plan, and implement one. These projects could be as fcllov;;:: 
u newspaper to distribute to other classes, parents, etc, (sec 
attached sample); letters to state and U.S. legisiator-s, business 
leaders, etc.; posters and murals to present the problem and urge 
alternntive solutions; a special T.V. show documentary or nev/s show; 
pamphlets to distribute throughout the school and cormiunity explainin;^ 
the problem and highlighting vihat can be done; a mock hearing uith 
each group member role playing a different interest/concern in the 
acid rain problem, etc. Students will undoubtedly come up with other 
creative ways to present or share their new knowledge about acid rain, 
its implications for the environment, and further implications for 
concerned citizens. 

nCTE: The entire clas$ could do just one big project using a 
division-of-labor strategy to delegate the tasks to the various 
groups. 
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DlTFiSIO*': 

lindoubtedly students will run into the concept of pH throughout 
their readings about acid rain. It may be useful tc show the studehts 
the pH scale found on the first page of the Acid Rain Fact^ Sheet for 
Teachers. However, this does not make clear to students the' 
logarithnic rtature of the scale (that is, why a pH of 6 has 10 times 
more hydrogen ions—tb.e active part of acids— than a pH of 7,, and <? pV. 
of 5 has 100 times more ions). One way the students can rr,ore 
graphically observe the pi! scale is to have the students represent pH 
units, flake labels for the students on strings to wear around their 
necks, with: 

•1 . . pH ='7 - pure v;ater 

2. pH = 6 - 

B- pH = 5 - \ 

l\. Pll = il - r 

5. Mean p[l of Adirondack Lakes in 1930 (pj;! = 6»5) 

6. pH of pure > rain (pll''= 5.6) 

7. Mean <pH of Adirondack Lakes in 1975 (pH = ^1.9) 

You will also need a string about 33 feet long (11 yards). Have 
the "pi: = 7" stiudents start, holding one end of the string, in a 
corner of the clafysroom. The student representing pf! = 6 should hold 
the string 10 cni (^1") away. The student representing pH = 5 should 
hold the string 100 cm, (40") away, and the studenu representing pH = ^1 
should hold the string 1000 cm (^100" or 33 feet) a^'ay., Point out the 
location of the following pH values: ^ 

mean pH of Adirondack Lakes in 1930 (pH = 6.5)~3.16 cm or 1 1/4" 

ai;ay 

pure rain (pH = 5»6)— 25 era or 10" away 

mean pH of Adirondack Lakes in 1975 (pli = 4.9)"125 cm or 50" 

uv/ay . 




TEACHER PRHPARATICH: 

Do some background reading on acid rain and provide the students 
with some resources for their group projects. (See attached Acid Rain 
Fcct Sheet for Teachers.) 
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COLOR CHANGES WITH RED CABBAGE WATER 



TURNS RED 



STAYS PURPLE 



TURNS GREEN 
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ENVIRONMENTAL NEWS 



ACID RAIN FALLS ON LAKES 
StoVy By: 



DEAD FISH FROM ACID RAIN 



ERIC . 



DAMAGE TO CROPS 
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ACID MIN PACKET* FOR TEACHERS 




l/ilAT CAUSES ACID RAIIJ? 

Precipitation with a pH lower than thaVof normal rainfall iso 

tenieci "acidic." 'A pH value is a riieasure jE^t the nuraber of hydrogen 

ions (the active elencnts of acids) that are present. The more 

hydrog^ ions ycu have, the greater the pH. A pi! is measured 'o!i a 

scale froci O-Ui; with low numbers indicating acids and hifih numbers* 

indicating, bases (or alkalis) vSuch as lye and anmonia. l^ure water has 

a pH of 7. ' ^ 

LEMON JUICE ^ / '''^ 



VINEGAR 



MEAN pH OF ADIRONDACK LAKES - 1975 



'PURE'' RAIN (5.6) - 

MEAN pH OF ADIRONDACK LAKES - 1930>'s 
DISTILLED WATER 

» BAKING SODA .AMMONIA 



12 3 
ACIDIC 



6 7 8 
NEUTRAL 



10 a 12 13 14 
BASIC » 



Since the pH scale is a logarittaic scale, a change of a pll frorr* 7 to 
6 represents 10 times as many hydrogen tons, a change frcia 7 to 5 
represents 100 times as many ions, and a change from 7 to ^ represents 
1000 times more hydrogen ions* 
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t!atural rainfall is slightly acidic, with a pH of 5.6* This is. 
" due to the fact that carbon dioxide in the atmosphere co^nbines 

chemically with the rain to fonn carbonic acid '(the Sc^me thinp; that i^ 
, ir. carbonated bSVerages), 

Gases such as sulfur dioxide and the Ditro,3en oviJes are also 
. able to combine^ with rain to fonn acids. Sulfur dioxide? (SO ) is 
,j naturally produced durini. volcanic eruptions, b'jt significant amount 
is also produced as a^byproducc of burning coal containing kilfur 
(v/hich most of our coal contains) and by metal processing/factories. 
Ulien .sulfur dioxide combines wiU> water, it fonrus a strong 
acid— sulfuric acid .H2SO4). Nitrogen oxides (NO^ ) a^e found in 
' automobile cxhayst. These, conibine with rain to form nitric 
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Vm IS ACID RAIi: A PROPLCi:? • ^ ' ; * 

i^reas such nc thf^ Adirondack Lakeo *of flew York State nnd the 
'northern parts of f'innecota^and \'isconsin are enpecir-jlly sensitive to 
damage from acid rain because they have lakes with a hard^ f.ronilic 
bottom. 'Lakes which have l,imestone bottoms are able to Neutralize the 
' effects of the acid n;in because the limestone acts like a buffer* 
However, mountain lakes, or lakes in areas where glcciers have scraped 
off the top layers of rock, cannot, neutralize the acidity and so the 
acid concentration in the water builds up, killinc fisli and livinf 
orcanisnis/ 

roth plants and animals are affected by 2 drop in pt^ 
Interference with reproduction in fish occurs with even a small 
decrease in pH, leading to barren lakes. Ninety lakes in the 
Adirondacks are fishless because of acid conditions. The productivity 
of plants is also reduced due to acid rain. 

In addition to damage to plant§ and anim^^ acidic conditions 
leach heavy toxic metals (such ris mercur^ lead, and arsenic) from 
* , soil and introduces these into the -food chain. Statues and stone 
" monuraents.Csuch as the Parthenon in Greece) are also beinf worn av/ay 
^* by the acid precipitation. 

The shaded region in the map below demonstrates the extent yo 
which U:e acid rain problem has spread across the United States. * 
Shaded areas have an avera?,e rainfall with a pH of loss than 

r 
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l.'HAT CAI^ BE DOME ABOUT ACID RAIM? ^ 

Tht acid rain problem is a direct result primarily of the use of 
coal as a fuel source and secondarily of auto exhaust emissions. 
Certainlrrstiffer regulation? to limit the amount cf sulfur dioxide 
and nitrogen oxides would reduce the amount of acid rain, but the on-ly 
sure measure is to use alternative energy supplies that don't cause 
environmental dara&ge. Tliis will n.ost likely demand that consumers 
change their lifestyles and use less energy. An International Joint 
Cornnission has been established between Canada an® the United Stati.^ 
to try to regulate the emissions of pollutants on an international 
scale. 

■In addition to changes in energy sources, a great deal of 
research needs. to be done to understand the causes and effects of acic 
rain. It might- be worthwhile to point out to students that scientists 
don't have all of the answers. Perhaps one' of them will help to 
discover v/liat can be 'done about acid rain. 
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TiiE l.^ATER CYCLE 



MODULE OVERVIEW . 

The following activities are designed to allow students to 
explc^re the phenomena of evaporation and condensation v/hich nake up 
the v/ater cycle. These ideas will be introduced using a raodel of the 
water cycle. Questions raised by the model will be explored through a 
series of hands-on activities which will require tlie student to make 
observations and predictions to help them understand concepts 
associated with the modeli It is not necessary for all of the 
students tb do all of the activities. ' Allow their interests anci 
questions feo guide you in the selectior^ of appropriate activities, and 
don't feel limited to the activities described here. Ilany students 
Kill raise questions that can lea6 them into designinc; their own . 
expei:;iments. 

APPROXIMATE TIME: 1 week ^ 

!^EY COHCEPTS FOR THE MODULE 

. A. IJhen water is heated, it turns into a gas (water vapor) by a 
proces known as EVAPORATION. 

n. Vhen water vapor is cooled, it turns into a liquid by a 
process known as COMDENSATIOM . 

C. In nature the processes of evaporation nnd condensation go on 
continuously and are referred to as the VIATER CYCLE. 

N!/iTEniALS NEEDED FOR TIIE UNIT \ 

Gallon glass jar, small container (e.g., baby food jar), plastic^ 
v;rap, assorted containers, measuring cup, thermometers, pitcher, 
plastic glasses, ice, water cycle wheels. 



ItlTRODUCTORY ACTIVITY 

PREPARATION SUGGESTIOflS; 

A simulation model of the water cycle is a useful way to 
illustrate the concepts of evaporation and condensation while at the 
sane time serving as a good motivator for discussion. 

Directions: FOR GOOD RESULTS, SET UP THE t^ODEL OWE DAY BEFORE 
OPSERVATIONS ARE TO BE ^iADE. 

1 . Obtain a 1 gallon glass jar or somc other large container such as 
a small aquarium. 

2. Fill a small container (such as a baby food Jar) with water end 
place it at one end of the large container. 

3. Seal the large container with plastic wrap. 

Place the model so that one sidg will be wanned (for instance, 
near a lamp, a heater, or in the sun). 

^. The model is ready for use when you see droplets of water at t^e 
cocl ena of the jar. 
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PROCEDURE: 

1. Draw the students' attention to the fiodel with a question such as, 
"l/hat do you see happening in this jar?"^ \ 
2< From "the corments and questions generated by tV^e students as the 
various groups share their observations and inferences, initiate a 
discussion with some questions such as the following: 

a. "VJhat do you see in the jar?" 

b. "V/here in the jar are the water drops forming?" 

0. "Is one part of the jar wanner or cooler than the other?" 
d. "IvT'^re do the drops of water come from?" 

ACTIVIiy nLOCK A— WIAT IS D/APORATION? 
I4AIN IDEAS: 

1. Energy (in the form of heat) is necessary for evaporation to 
take place. 

2. An increase in heat will increase the rate of evaporation. 
flATERIALS: 

Assorted containers, n^oasuring cup, thermometers (one per group)* 

SAFETY CONSIDERATIOMS: 

Remind students to use the thermometers for measuring 
temperatures qhly (e.g., not for stirring) and that they are 
breakable. ^ 

PPEPARAW SUGGESTIONS: 

No advancQd preparation is necessary except to obtain the 
necessary materials. Students will set up the activities in class. 
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FOCUS: 

Paraphrase: "In the model that we observed, we saw that water 
drops collected on the side of the jar. The next few activities will 
help us to see where t>hat water comes from." 

Question: Uhere in the classroom does evaporation take place the 
fastest? . 

PROCEDUI . 

Using the same groups that were formed the day before, provide 
each with a container and one cup of water. (Be sure that each group 
uses the same amount of water.) 

'Each group is to choose a loacation that they pbedict will effect 
the fastest rate of evaporation. They should place their container on 
that spot. All. containers are to 3it there overnight. "The next day, 
each group should measure t.ie a^iount of v;ater left in their container 
and report that amount to the rest cf the class. 




FOLLa^UP DISCUSSION: 

From the cofiDients and questions generated by the groups' results, 
initiate a follow-up discussion with questions such as: 

a. '^//hich container showed the greatest amount of evaporation?" 

b. "l.^at might have caused the faster rate of evaporation?" 
(Evaporation will have taken place faster in most cases if the 
containers have been placed near heat of if a \/ind is blowing over 
them.) 

EXTEflSIOfJ: Further Investigation' 

t-t this point you might challenge groups to design tei>t$5 to find 
oXit how each of the following factors affects the rate at which water 
evaoporotcs: temperature, mover::ent of the air, amount of liquid 
exposed to the air, Icind of liquid, ar.,oun}: of moisture in the air, 
etc. . Discuss the necessity of setting up at least two conditions for 
each test, so that results can be compared and the importance of 
varying one factor at a time (i.e., controlling variables). 



\ 
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ACTIVITY BLOCK B ~ VUPJ IS CONDENSATIOf!? 
t'Mt] IDEAS: 

1. ''hen water vapor is cooled, the vapor condenses into drops of 
liquid v;ater, 

2. In order for rain to form, three conditions are necessary: 

a. the air must be satur^^ted with moisture 

b. the v/ater vapor must cool 

c there must be particles for the vator to collect on* 

f!ATERIALS: . . . *^ . ' : 

Pitcher, 5 glasses, ice. , ' 

PREPARATICM SUGGESJIONS: 

Fill a pitcher with water and ice and set aside for about 15 to 
20 minutes until v/ater drops form on the outside of the jar. (If it 
is extremely dry in the room, it will take longer.) You will need 
this for the second part of the activity. 
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FCCUS: ' " • . - - - - 

Paraphrase: In the last activities, we sav; that if v;e leave a 

dish of water out in the air, it will soon be gone (evaporate). In 

the model that we observed, v/e saw that somehow the water formed into 

drops on the side/ top of the jar. 

Question: VJhich of these do you think will produce th^ most 

v;ater on the sides of the glass? 

PROCEDURE: 

1 . Set up the five glassses as shown above, and then ask the 
students to predict which of these will produce the inos.t water 

* . dnoplets on th^ sides of the glasses. Hrite on -the blackboard their 

♦ ^ predictrons and 'any reasons they give at the start of the activity.. 

'Then say, "Let^s.try it -and find out.". Have the glasses on a- high 
table or desk so all the students can easily see them, and have them 
record their observatipns to see how close their predictions were. 
Have them predict results if they can and write these on the 
blackboard as well. CFJie ice vj^tei^ glass should produce t^e most 

.drops; but with a humid fbSmr^lio glass of; ice may, too, especially if 
the ice is touching the sides of the glas3. 

2. Now, put the pitcher of ice water in front of them and draw 
their attention to the drops of water on the side 'of the glass. 

FOLLa-J-UP DISCUSSION: 

Have the students share their observations and use the cotmients 
and questions generated by the students to initiate a follow-up 
discussion to help them to understand the concepts they have been 
exploring in the activities 5f this module. Help them use the 
information they obtained to understand what happened v;ith the ice 
pitcher, the original model used at the beginning of this module, and, 
finally, to understand how rain is formed. The following background 
information might be helpful. 

TEACHER BAGKGROUMD IWFORNJiTIOH : 

The moisture-filled air around the glass pitcher was cooled' by 
the icy pitcher so that the water collected on the side of the cold 
glass. The moisture in the air that came from the water evaporating 
from the little jar in the big container (the model from the fj.rst 
day) was cooled sufficiently to condense, collecting on the side of 
the glass away from the heat source. In order for water to condense 
(1) tha oir around must have water vapor in it; (2) the air must be 
cooled, and (3) something f r the water to collect on must be 
available. So, too, rain is formed when (1) the air in the atmosphere 
(the clouds) hr<s water vapor in it; (2) the air is cooled, and (3) 
^thare is something for the raindrops to fonn on (i.e., dust 
particles) . 
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ACTIVIT^t BLOCK C — \.1!AT IS THE I'ATER CYCLE? 
min IDEAS: 

V/ater exists in nature in different forms and these forms are 
interchangeable through a process called the v/ater cycle. 

MATERIALS:' • . ' ^ 

Handouts for making water cycle wheels. 

FOCUS: 

Paraphrase: In the last few activities wc have seen that if a 
dish of v/ater is left out, the. water will soon, evaporate (turn into 
water vapor so we can't see it). When the air is cooled, the moisture 
in the air v/'ill lj6rni into drops of v/ater (condense). The next 
activity will help us to see how these processes (evaporation arid 
condensation) are involved in nature to make rain or snow 
(precipitation) • 

Question: l/hat is the water cycle? 

PROCEDURE: 

Pass out the materials for making the Water Cycle U'heels. Allow 
thevA time to color and construct theni. 

FOLLa/-liP DISCUSSION: 

For the follow-up discussion to the V/ater i:hoel activity, uoe the 
siriulation model again. Have them decide as a class how the model 
should work if it is attempting to explain what happens in natui-e 
(relntinp what they observed in the model as well as in nature). 




Directions 

1. Color both wheels. 

Cut out the complete wheels 
and the ''ark areas. 
Put the top wheel under 
the bottom. 
Fasten with a brass 
fastener. 



2. 



3. 



WATER CYCLE WHEEL 
Adapted From: 

Interdisciplinary Environmental 
Education Project, Broward County^ 
Florida 
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I'llMNESOTA^'S GLACIAL PAST 



l-OTULE OVI-RVIB.' . , . 

■ In this second module, the students will construct tirae lines co 
help then) understanc' fro concept of r,colot.ic time. Thoy will stuay 
the state's ceologic history, visually depicted by u flip-booklet. 
Streatt tables will be used to study the fomiation of kettle lakes. 

APPROXIMATE TIME: 1 v;eek 

KEY COMCEPTS OF THE' MODULE . . , : 

A. Events" in -history can be expressed on- a time line. 

B. During Minnesota's past, glaciers hyve alternately covered 
and uncovered the state, leaving th.eir rinr!'. upon the face of the. 

^^"'''c. Many of the lakes in the state were formed when large pieces 
of" glacier broke off and nolted, fonninc J^ettle lalces. - 

MATERIALS IXEDED FOR TME i-'ODULE 

Rolls of adding machine tape, Glacial Flip-Booklets. 



INTRODUCTOPY ACTIVITY 

TEACHER r.ACiXROUf'P: ' 

Discucsion of vast nr-iounts of tine can be very confusing to the 
oLomahtary* stuaent. For this reason, it is suggested that a cr^-phic 
means be used. This can best be accorJiplished with a time line where 
tine is represented* as distance on a long piece of paper. ,J'ho 
followinr, activity will use a time line represented on a piece of 
paper 5 taeters long. The time period represented is 500 million 
years ;"hcncc each centimeter represents 1 million years. 



PRF.PA RATION SUCGESTIOIIS : 

Prepare the tinie line illustrated belw us inn n L-metcr roll of 
paper. Rer.ieinber, each centimeter represents 1 Million years, so the 
i.-.ark for 1^10 friillion years ago should occur 1^10 centimeters to the 
loft of the right hand i.v'jrpin of the paper, 
date to the right. 



Also, place tho day's 



m 

•H 

(14 

u 

to 
u 

•H 



C 
n) 
H 



u a 







CO 




CO 
















}-i 




o 






U * 


(D 






:3 


U 






0) 




U 


o en 






CO 


o 


o 




}-i 


<D C 


§ 






00 H 








< O 







o 
m 
cn 



o 



O 



O 



-41- 



PROCEDURE: 

Introduce the time line v/ith tlie follov;ing story. 

"Irna(5ine that you are an ancient astronaut exploring the 
universe. One day you are traveling near a star listed on your star 
chart as the sun vjhen you notice somethine remarkable. Off to the 
side there is a swirling mass of dirt and gases. You decide to stay 
around for a while and vjatch. As yob do, the swirling mass starts to 
li;-rden into a lar^e ball. 




"If youVhad been that ancient astronaut, you would have been 
watching the\irth of the earth. Scientists believe that this 
happened nearlS\il and 1/2 billion years ago. Four and one-half 
billion years ikvery hard to imagine. One way that we have of 
tliinking about very long times is to use a time line. On a time line, 
years are chanced 'into distance. Ue will use a time line that is 5 
neters long. Our ti:iu.' line is Going to represent ^00 million years of 
lime." (MOTE: EachXcontimeter will represent 1 iv.illion years.) 

Slowly unroll the time line from the present to the past._ Have 
students come up and h6ld the time lino as it is unrolled. Point out 
the various time period^. Students should be aware of the relatively 
short history of hiJiian oi^nanisnis. You might also point out that this 
time lir.'- represents onlySOO million years^. How lone would it have 
to bo to represent t\/^ hijlyry of the earth? ('15 meters) 

ACTIVITY BLOCK A~WflAT IS A TIME LINE? 

I'ATF' r.)[-*A: ' 

Events in history can be expressed on a time line. 

rrrFPiALf^: 

Rolls of addint;, rachine lapc. 



EOCUS: 

Paraphrase: Ue caw that events in the puct o-jn be put on a tir-.e 
'ino. In this activity you vali have a Ghancc to make several tiroe 

nucution: How do you inaUe a tir.it line? 

5i 
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ACTIVITY 1 
PROCKDURE: 

Divide the class into paii^s. Provide each pair with adding 
machine tape. 

Each pair is to make a time line (these \;ill later be charod v/ith 
the class and perhaps put up on display). ^ 

1. Life Time Line 

Students .should measure/cut out a strip of ridding machine 
tape 15 cm long. Tell thern to start at the left side, marking every 
centimeter and numbering the.se in order as shown below. 



1 2.3 4 5 6 7 8 9 10 11 12 



Students should use, different colored markers to indicate 
:^ 1 • ha; old they are today, 

2. when they started school, ^ 

3. hov/ old they \;ere in each. of the different grades. 
2., IJistcrical Time Line 



Students should obtain a strip, of adding machine papcV* 1 
meter (1000 millimeters) long.' Each millimeter represents one year. 
The far right end represents today *s date. Ask students, "How n^any 
years ago v/ere you born? 'I Tell them to make a mark that many 
millimeters froti the right edge. 

Students-sfiould find out how long ago each of the following 
events took place by subtracting that date from today »s date. That 
will tell thera how many millimeters to measure from the right. Have 
them make a picture to Ulustrate each event: 
1. Civil Uar~l86i| 

Declaration of Inde pendence— 1776 
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d . _ ^^^^ 

3. Columbus' voyage to TftVerica— 1^192 
ACTIVITY 2 ' ^ 

As a class project, students may wish to make a large time line 
foing back to the last glaciers in Hinnesbta. The last glpciers. are 
thought to have left the state about 10^0^)0 years ago. With each 
millin>eter representing one year, they v>?oUld need 10 meters (about 33 
feet) of tape. Per\iaps this v/ould be' a gobd "hall project." 
Hark on the ta^)e such events as: ^ 

1. students' ages \ 

2. age of the school • 

3. '^the year your city was founded \ 

* the year Minnesota became a state ^185?) 

^. the signing of the Declaration of Independence (1776) 

6. Columbus' discovery of America (1M9?) 

7. the disappearance of glaciers in Minnesota (10,000" years ago) 
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ACTIVITY BLOCK P.--W.KI DID THE GLACIERS DO TO tTI'lIESOTA? 
IDEA: 

During Minnesota's past, glaciers have alternately covered and 
uncovered the state, leaving their mark upon the face of the state. 

rilTEEIALS: ' 

"liinneso.ta.'s GlaciaJ Past" handout. Glacial Flip-Booklet 
FOCUS: 

Paraphraoe: "In the last activity we saw that events of the past 
can be put on a time line to help us to picture.' -the great, lengths'of 
time involved. In this activity we will look at sorr.e of the events in 
llinnesota's past, especially the glaciers that helped to make the 
rivers and lakes of the state." 

Question: Mow did the glaciers change the face of llinnesota's 

land? 
' PROCEDURE: 

Divide the class into groups of three to do tlic- following two 
activities. 

■a 

ACTIVITY 1 



Each group should answer these th'hee questions after readinn 
the handouts and perhaps doing further research. 

1. \-'hat is a glacier? 

2. VJhen were glaciers in Minnesota? 

5. How did glaciers "if feet the vjay Minnesota looks today? 
tlOTE: Students will ne'ed to do research to ans\/er these questions. 
Since materials on glaciers for students might not be readily 
available, the handout "Hinnesota's Glacial Past", should provide the 
bnckjj,round"infonT!ati6n that the students viould need to answer the last 
two questions. Also, the flip-booklet pn Minnesota's glaciers'?/ill 
help the students to visualize these changes. 



ACTIVITY 2 

Each group should carefully plan and implement (after the 
teacher has checked over th' plan) a projeot such aB the following: a 
newspaper .describing the glacier's activity, posters and murals, a TV 
liha^i (nev^s, "talk," or documentcTry fonaat), pamphlets to distribute, 
otc. 

MOTE: These projects could be presented to the rest of the class (or 
to other classreioms in the school) and "shared with parents. 
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FOLLaJ-UP'DISCUSSIOi!: . ' 

. Have each group sfiare their responses to the questions (have then 
turn in their f^uup papers for evaluation purposes) and develop the 
'discussion unti.. you feel they have sufficient background to plan the 
group projects. 



/ 
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THE FACE OF THE LA^'D 




ar.d 
and 
the 




Roughly four and one-half 
billion years ago a very 
kable event took place* 
-Of a svarling niass of 
gases and dust a new planet 
\;as fonaed— or. so scientists 
have euessod. The first four 
billion years of the earth *s 
history were so full of 
changes that there are very 
few recorc)i> of any kind to 
show scientists v/hat this time 
like. Violent volcanoes 
earthquakes, raolten lava 
poisonous gases covered 
earth. It is not 

.surprising that life didn^t 
appear on th.c earth until the 
eart!-. had cooled, oceans had 
appeared, and the atmosphere 
had changed to the oxygen and 
niLro£;en atmosphere that v;e 
novi know. o This first 
appearance of life occurred 
about \ 5C0 trallion years ago, 
Theso^\ early life forms were 
very lulU water plants and 

""^^^'^Ilcw do we know about the earth millions of years -ago? Certainly 
there \;ere no people to write histories. The few records tl;at we do 
have of the early history of the earth come froni studying rocks, l/hen 
you look at pictures of the Grand Canyon, you immediately notice the 
bricht bands of "color in the rocks. These bands represent different 
■ kinds of rocks 'that were fomed during different periods of the 
earth!s history. Dy. studying these bands of rock, scientists can 
learn a great deal about t^-o way that the earth was formed durmc th.e 
first four billion years of the earth's history • . *.u 

\lhat were soir.e of the events that 
occurred in Hinnesota during these early 
years? At first the earth was covered 
with seas of hot lava -that^pour-ed_XrjDni- 
the center of the earth. Pressures 
building, up inside of the earth caused 
great mountains to be lifted up. These 
mountcins tovjered over Minnesota for 
millions of years until wind and rain 
eroded then away Icavinr only the 
granite hills along Lake Superior's 
north shore as a reminder of these 
prehistoric mountains. 
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Oceans coveP^<l ; nrl of 
yimezotcs ' cri . »^vera3 

occr.siojis. r;"vO Kundrecl 

•iilion ioar^ ar.c; ^^jijs covered 
nortrierrriiOGt tip 
Fossil rerains 
aninals are a 
this tine v/hen 
Jlinnesotf. was under v;oter. 
JJ^Jlaa.^.ZJClt:a.y^MC}0-- »alUion^ years 
aro an(. ?S0 mil] ion years ago, 
"innosota 



all but the 
of t'innesota. 
of ocean 
rerrdnder of 



again fomied the 
ococin bottom for a vast 



world-vride 





Up uO tils point v;e have 
been cpea'/inj: about f'inno^ota, 
but really the Stste of 
r'inr.o'-ota p3 a recfraphical 
lcs:ation i3\ ,a very new idea 
considorins \thc yact aruounts 
tire tha^ we are talking 
becai^^e a 



about, 

territory in' I8il8 and a^ 



f'innesotc 



;late 



in l8^>r— just\ a little over a 
hundred yt^ars n^o. 

of the cl 



or 



,lu3t think 
.c.nno:. that 



thio laivi uenl Urou:-h before 
h'n c r.c'. divided it \\\> into 
J lilioal units of ca^nties 
und r.tatOo. ' 



The clinate * of Minnesota 
also went tlTcur.h r^^ry 
chanf;cs during; t'ne tire from 
cold to 
During 
tlio state 
v;ith great 



tropical 
the cold 
vjas often 
sheets of 



arctic 
\^amith. 
periods, 
covered 

ice. During these Ice Afos 
trenjenvlous chanrcs took place 
in the face of I'innesotc , 
resultinr, in the i^ker z<A 
rivcrr, hills and valleys tl^rt 
make up the ;!innesota that we 
know today. 
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The ji State of Minnesota lies roughly between 90 and 97 degrees 
west longitude (lines that extend between the north and south poles) 
and between ^3 and 49 degrees north latitude (lines parallel to the 
equator). This puts it rouchly in the middle of Korth America (see 
the map of Horth America). The area of Minnesota is 84,068 square 
r;iles and the 1975 estimated census was 3,926,000. This makes the 
state 12th largest in size and 19th largest in population. 




f'innesota is referred to nr. the "Land of 10,000 Lal:es/1 but in\ 
r<saiity there arc more tUtin 14^000. _Puriiig the latest glacial age, 
W statl; ' was iakes, the largest of which, Lake 

Agassiz, covered the northern quarter of the state. These lakes, 
along with the Glacial River I/arren, fonncd drainage areas v;hich \;ould 
later become rivers and lakes. 

V/e have looked at some of the changes that have occurred to form 
the Minnesota that we recor.nizc 'today. Volcanoes, earthquakes, and 
"glaciers have worked together to form the lakes, rivers, hills, and 
valleys of the state. 
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FORCES THAT HAVE FORflF.D THC LAHD 
The formation of the earth involved many violent forces. The 
heat and pressure nocessnry to fomi the swirling, nass of gases and 
dirt into a solid ophere also created internal pressur^es that 
continually cause the earth to chanpe. The cooling of* this hot sphere 
caused shrinking, wrinkling, and folding, resulting in the uplifting 
of nountain ranges* 

There are still some reminders of 
this long ago time in the hot, molten 
core of the earth. Occasionally this 
r.olten core v;ill find a v/eakncss in the 
earth above through v;hich to emerge. 
This is referred to as a volcano. 

Most people are familiar i;ith such 
volcanoes as Vesuvius in Italy and Mauna 
Loa in Hawaii. Many of the world's 
mountains arc fonner volcanoes. 
Remnants of volcanic rock found in 
Minnesota show'that the state once 
contained active volcanoes. 

Volcanic mountains are not the only 
form in which molten material may be 
brought to the surface* Often molten 
lava will force its way between older 
rocks and flow to the surface. The 
nort: shore of Lake Superior is an 
example of a region in which lava formed 
"^large sheets of igneous rock as it 
forced its way to the surface. One of 
: the oldest known kinds of rock on the 
surface of the earth, the Ely 
'Greenstone, is an example of this type 
of rock formation. 
Volcanoes are often 
CiSCGcic'tod with violent 
nioveraersts of the earth called" 
earthquakes. Farthquakes 
;;jnerDlly occur alonp, lines of 
v.eakness in the underlying 
rock referred to as faults. 
Pressure, cither due to 
shiftiii^; rocks or tb 
underground molten rock, cause 
movement of huge rock mosses 
alonr, the fault line. 
Earthquakes result from very 
rapid niovemer/us. 

Ilovjever, movements of large masses of land occur cormionly at a 
very slov; rate. Many of the continents and mountain ranges have been 
fomed by gradual movements of land masses. These processes take 
millions of years. 
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Uhile volcanoes and earthquakes 
tend to build up loiici structures, the 
third force, erosion, tends to level off 
the land. V/henever rocks are exposed 
they tend to be worn auay by the action 
of wind and \;atsr, which brcalcs rocks 
into tiny fragments and carries their* 
aviay. Gradually, over mill ions of 
years, great mountain ranges may be 
leveled or hu^e canyons carved by the 
action of moving water. 

Other types of i;eathering may 
occur. The freezing qnd thawing of 
water in rock cracks nay result in large 
pieces of stone breaking off. 
Biological species such as lichen have 
the ability to dissolve rock and use the 
rrinerals for food. The action of \javes 
will continually change t!.e appearance 
of a beach. 

All of thGLe processes have had a part in the formation of 
Mir.nt:iGOta as wc nov see it. liavever, the mos| important process has 
not ever. beer. r.:enticned yet. That is glaciation. 





\ 
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MIMNESOTA'S GLACIAL PAST 



\^ithout a doubt the nost important factor in determining the f^cc 
of the land for the State of Minnesota was th.e tremendous force 
by glaciers. Four major ice ages covered Minnesota, the last 
recent as 11,000 years ago. 



first n;ajor ice age, the Nebraskan Ice Stage, occurred 



exerted 
being as 
The 

million years ago. This ice sheet extended as far south as St. Louis,, 
r^issouri. This ice probably covered all of I'innesota, v/ith the 
exception of a small region in the southeast corner of the state. 
Hov/ever, it is hard to tell anything nore about the effects of this 
ice sheet, because most of the effects v;ere wiped out by the next ice 
ai'e. 

V/e do know tha.t this ice age lasted for a very long time. It was 
followed by a warmer, moist period. During this interglacial 
interval, the huge wooly elephant, the* manimoth, roamed the state. 

The second ice age occurred 400,000 years ago. This ice age, the 
Kansas Ice Stage, extended as far south as Kansas City. Again, this 
ice stage covered almost all of the state, v/ith the exception of-s 
small region in the southeast corner 




A very long \7arm 
this glacial age 
the giant sloth 
c ormion at this t ime . 
was roughly the size 
ranging up to nine 
up to 500 



weighing 



period followed 
The giant beaver and 
were thought to be 
The giant beavc^r 
of a black beaip, 
feet long and 
pounds. Fossil 



of 



this animal can be seen at 
tluseiffT) of Minnesota, in St. 



remains 
t;he 
Paul. 

One hundred and fifty thousc^nd years ago a third ice age, the 
IlUnoisian Ice Stage, covered most of Canada with rr.ajor ice movements 
(called lobes) extending into Minnesota -and Illinois. Again, 
wOutheaGtern tlii.nesota v/as not covered by the ice. This ice age rpay 
have only last.^d a few tens of thousands of years. 

The period betv/een the third and fourth ice ages was cooler than 
the previous interglacial periods. The mastadon, another fonn of the 
•elephant, was found in the state during this time. 

The final ice age began 100,000 
years ago and lasted for about 90,000 
years. This period, referred to as the 
V/isconsin Ice Stage, had many lobes 
which significantly formed the present 
topography of Minnesota. This period is 
very complicated. Three major lobes, 
the^ V'adena Lobe (later extended as the 
Grantsburg L6be), the Superior L-obe, and 
the Rainy Lobe alterr,ately extended into 
and retreated from the state (see Figure 
3)- 
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A GLACIAL FLIP-BOOK 

Cut out each page of the 
book. 

Arrange the pages in order, 
starting with the present 
and going backward by 
years to 35,000 years ago. 
Line up the pages. 
Staple the left side with 
two staples. 

Flip through the book with 
your thumb and watch the 
movement of the glaciers. 
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ACTIVITY BLOCK C— HOIJ DID THE GLACIERS FORM LAKES? 
I4AIM IDEA: 

Many of the lakes in the state vjere formed when large pieces of s 
glacier broke off and melted, forming kettle lakes. 

MATERIALS: 

Stream Table (see Appendix), ice. 



FOCUS: ■ ^ ^ 

Paraphrase: "VJe have seen that the glaciers had a treinendous 
affect on the way that Minnesota looks today. This activity with the 
stream table will look at the way that glacial lakes formed." 
Questions: How did the glaciers fora lakes? 

PROCEDURE: 

Divide the class irito groups, each with their stream table and 
,so5iie ice cubes. Form the sand as shown in the diagram, fix one end 

of the stream table with crushed ice. In the other end, partially 
> bury chunks of ice in the sand. Allow the ice to melt and observe 

what happens. For the best formation of kettle lakes, the sand needs 

to be fairly wet. 




tvTMH ruu> 




MOHtWCS mo tXtlMt WOM. •lACIIK MtLTS 



FOLLOVI-UP DISCUSS ID!!: 

Ask tlio students to describe what they have observed. (Little 
lakes are foimed.) These kinds of "lakes" that are formed have a 
special name because of their shape. Ask the students if anyone knows 
v.'hat they are called? (Accept various answers and then tell them that 
the "Lakes" reinaining are called "kettle lakes" because of their 
resemblance to large cooking kettles.) 



ERIC 



ACIDS AND ROCKS 



l-!ODULE OVERVIB'J 

In this module, students will focus on soiuie of the materials that 
make up flinnesota lake bottoms by studying and classifyinc various 
Uittds of rocks. They will experiment with the effects of acid (i.e., 
vinegar) on these rocks to help them understand why some lakes are 
particularly sensitive to acid rain. 

APPROXIilATE TIME: 1-2 weeks 

KEY COnCEPTS OF THE MODULE: 

A. Rocks can be classified on the basis of their properties. 

R, Some rocks will react with an acid (such as vinegar) to 
neutral jfZe it, •■ 

C. Acids can dissolve metals in the water, resulting in toxic 
(poisonous) materials being released into the water. 

MJ\TERIAL.S NEEDED FOR THE MODULE: , ^ ^ 

Pop bottle, balloon, baking soda, vinegar, rocks (granite, slate, 
sandstone, limestone, dolomite), chalk, shallow dishes, galvanized 
noils, eyedroppers, glass microscope slide or mirror. 



INTRODUCTORY ACTIVITY 



PROCEDURE: . L 

Place approximately 1" of vinegar in the bottom of a clear soda 
pop bottle. Put two teaspooons of baking soda into a balloon. The 
balloon should have been blown up beforehand to "stretch it out." 
Place the end of the balloon over the neck of the bottle being careful 
not to let the baking soda and the vinegar mix (see diagram). 

Tell the class that the bottle 
contains an acid (vinegar) and 
the balloon contains a crushed 
rock (in reality, carbonates, 
a class of chemical compounds 
including baking soda, are 
found in some rocks) . Ask 
them to watch. what happens 
\jhen the tv;o are mixed. 






65 



-56- 



"\!hat do you see happening v;hen the acid and the crushed 
"rock" are mixed together?'^ Students should observe that the 
balloon blcv/s up ahd that bubbles were given off fron the liquid. 
Paraphrase the [following: 

"\?e say that the acid and the rock reacted together. How do 
we know that they reacted?" (That bubbles v;ere formed eivoc us a 
clue: something new was ^'ormed — a ^bs.) 

"In the next ^ew activities, we will be studying the ways in 
which the kinds of rocks found in lake bottoms affect how lakes 
are damaged by acid rain." 

ACTIVITY PLOCIC A-4-^i^AT ARE THE ROCKS? 
f*j\IN IDEA: 

Rocks can be classified on the basis of their properties. 

i 

flATERIALS: ! 

Rocks that students have collected or prepared rock 
collections (see adciitional resources section). 

PREPARATION SUGGESTIONS: 

Several days before the scheduled activity, instruct the 
students to begin collecting rocks. Tell them to look for rocks 
that look different and are fairly small (about golf ball size). 

FOCUS: 

Paraphrase: I have asked you to collect and bring in some 
rocks so that v;e can study and classify them. 

Question: How are these rocks alike and different? 

PROCEDURE: 

Divide the class into groups of three or four. . 
' Instrwt the students t> choose five rocks that seem most 
different in appearance. They should place each rock in a space 
under the heading "rock." Tell them to think of one 
characteristic/property of each rock that makes it differeri^ from 
all of the other five rocks, and write that characteristic next 
to each rock under the column marked "difference." Have them 
complete the remainder of the chart by describing the color of 
each rock and whether it is shiny or dull. 

Have the students number the rocks with a small piece of 
stick-on tape, labeling the rock in the first space "1," in the 
second^ space "2," and so on until the last. 

After they have numbered their rocks, have chem trade charts 
and rocks with another group. VJlthout looking at the numbers, 
have them see if they can decide which rock goes into which , 
space. 

FOLLOT-UP DISCUSSION: 

Have each group share their chart with the class. Point out 
to the students that this is similar to the process that 
scientists use for identifying rocks. 
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APDiTIOliAL RESOURCES : 

To be sure that the students have 'o variety of rocks to look 
at, you fnay wish to order some of the prepackaged nuneral 
collections available. The following are some sources: 

Earth Science Materials 

P.O. Box 2121 

1900 E. Lincoln Ave. 

Fort Collins, CO 80522 

(303) 48i|-2529 

(Several kits available) 

Turtox/Canboaco 
8200 South [loyne Ave.- 
Chicago, II. 60620 
(312) i}88-i}100 
(Basic collection of 15 

(Jasco 

. 901 Janesville Ave. 
Ft. Atkinson, V7 53538. 
(iil'l) 563-?'lM6 

( Masco Rock .. Coll ection~SA636?f!-DJ6362) 

V'ard's ffetural Science, Inc. 
P. 0. Dox 1712 
Rochester, N. Y. 1il603 
(716) ii67 -8^100 

(Cleveland Elenentary Science Collection //45\I02'I0) 



ACTIVITY BLOCK R~1.T-!ICH ROCKS I'ILL REACT MUU VINEGAR? 

I'AI!! lDEA: - , . 

Some rocks will react with an acid (such as vinegar) to 

neutrrlize it. 



\ 



rocks and minerals #700-362) 



Students' rocks (£lso samples of calcite, '^ranite, slate, 
snndstone, dolcmte, qwrtz, linefitone, and marble, if available) 
\;hitc uriting chalk, snail shallow dishes, vinep^ar. 

TEACHER BACKGROUND: 

The "vinegar test" is a standard identification for the 
presence of carbonate containing rocks. Sodium carbonate 
(conmoniy called "washing soda") and sodium bicarbonate (baking 
co(ia) are tuQ carbonates found around the house. Vinegar reacts 
vith these carbonates to produce a rapid burst of carbon dioxide 
bubbles. 




/ 
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ACtlVHY 1 

rAIN IDEA: \ 

Some rdcks will react v;ith acid. 



MATERIALS: , 

Students' rocks (also samples of calcite, quartz, lii>iestonc, 
and tnarble,^ if available), white /writing chalk, sfnalL shc^llow 
dishes, vinegc.r. 

PROCEPURE: 

Provide each student group /with the rater ials listed above. 

Students should fill a 
shallow dish with 1/4-1/2 inch 
1 of vinegar. They then should 

] • place each of their rocks in 

the dish and observe for the 
presence of bubbles. If 
bubbles form, they should put 
a plus under the hoading "Do 
you get bubbles with vinegar?" 
If no bubbles form, then they 
should put a minus. 

Have them leave the 
dishes standing for 24 hours. 
At the end of that time, have • 
them record any observations 
in the column, "Do you get any 
bubbles with vinegar?" Ask 
the students, "Was there any 
change in the size, shape, or 
color of the rocks?" 
In another dish also containink 1/4-1/2 inch of 'vinegar, have the 
/students place a 1 inch piece of chSik and pieces of calcite, quartz, 
limestone, and marble (if available)), Ask them, "V'hat happens? ^Ihich 
".reacts most rapidly?" 




FOLLaJ-UP DISCUSSION: > 

After the groups have shared thein observation sheets, you might 
■./ant to discuss the relationship betweeVi chalk, limestone, and ir.arblc 
(see Teacher Dackjground) . 



ACTIVITY 2 



\ 



\itdli IDEA: ^ .^^ 

The reaction of an acid with a carboni^te containing rock will 

neutralize the acid. . \ 



ERLC 



MATFniALS: ^ j , , , 

Provide each ^ro0p with three container's, chalk, vinegar, and red 
cjbbage water • (NOTE': Some school room chalks are not carbonates and 
jon't work — ^try yours first.) \ 
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Sorne rocks contain calcium carbonate, which also reacts with 
vinegar. Exar.iples of carbonate containin,<3 rocks are calcite, 
limestone, narble, and some forms of chalk. Chalk and limestone 
will generally react very vigorously with acid. In fact, marble, 
limestone, and chalk ae really the same things. !rm^5 Chalk 
represents the skeletal remains of dead sea organisms. Time and 
the pressure of other materials filling in presses these 
skeletons into chalk. Over thousands of years, rpore pressure 
changes this chalk into limestone. Limestone is important to 
Minnesota, since much of the state lies on a layer of limestone 
bedrock — one of the indications that Minnesota was once covered 
by seas. Additional time and pressure may further compress 
limestone into marble. ^ 

Environmentally, this is very important. Some lakes, such 
as those in south and central Minnesota, have lake bottoms 
composed of limestone. VJhen acid is added to the lakes in t\}e 
form of acid rain, the limestone is able to react with the acid 
to neutralize it. This ability to neutralize acid is referred to 
as the buffering capacity of the lake. In other areas, such as 
northwestern I'innesota, the glaciers scraped av;ay this limestone 
layer, leaving only the hard granite bedrock exposed. Granite 
will not react with acid to neutralize it; therefore, lakes with 
this sort of bedrock are very sensitive to damage from acid rain. 




FOCnS: . . 

Paraphrase: "In the last activity we saw that v/e could 
classify our rock& by things about them that are alike and things 
that are different. In this experiment, we will look at the v^ays 
o^hat some rocks will react with vinegar. VJhat happened to the 
baking soda in the bottle tiie other day?" 

Question: VJhich rocks do you predit will react with 
vinegar? 
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PaOCEDURE: 

Tell students to place 1" of vinegar in two containers. In the 
third container, tell there to place 1" of tap water. Tell them to 
label the first container "vinegar" and the third "water." Have tl.er,) 
add about 10 drops "(until there is a definite colqr) of red cabbage 
water to each. ' 




Ask the students, "Does the color of the center container lool: 
Dore like the vinegar or the water?" 

Have them add a 1/2" piece .of chalk to the center container. 
Asl: the follo\.'ing: "Vihat happens?" 

"After the reaction has stopped, does tl-.e center container loo.< 
Tfore like the vinegar or the water?" 
"".Ihat has the chalk done?" 

FOliai-UP DISCUSSIOM: ' 

Have members from each group share their observation sheets. 
(t'OTE: It might be a good idea to remind the students that the reason 
the vinegar container is red is because it contains an acid (vinegar). 
TVie chalk "takes away" (neutralizes) the acidity. Don't leave the 
students with the idea tliat vinegar turns into water). 
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ACTIVITY BLOCK C~\/FAT DO ACIDS DO TO METALS lU TI!F. EKVIPONt V? 

IMU IDEA: , . . 

Acids can dissolve metals resulting in toxic (poisonous) 

Materials being released into the water. 

Kj'.TERIALS: 

Each group will need: 

Galvanized nails used for nailing shingles (N'OTE: galvanized 
nailc are just iron nails covered with zinc to prevent rusting, and 
tl.cy are available in hardvjare and building supply stores) , two 
'containers, vinegar, eyedroppers, and glass 'slide or mirror. 

•^EACHER DACKGROUfD: . 

Besides the direct damage that acid rain does to organisms, the 
Dcidity also has the property of dissolving nctals which had been 
cr'-viously in the sedir.rjnt at the bottom of the lak.c. Toxic materials 
G'.ch as aluriinura, sine, and mercury get into the \;ater and from there 
•Into Xhe water orgar.isr.-,s. (HOTE: The toxicity of r,.any retals depends 
upon ho\-j,nuch of the metal is present. Zinc, for example, is an 
ir.v>rtont nutrient in small qucr.titios, but when too much is present, 
it t>ccor:iOo poiijonous.) 



FOCU?: 

ParaphrooO: "In the last activity, we saw that certain rocks 
were able to react with acids and neutralize (or 'take away') the 
acid. This explains v;hy certain lakes are not as sensitive to acid 
rain bs other lakes." 

Question: ilow does acid rain cause poisonous metals to be 
released into the water? 

PROCCDlinr: 

Tell the students to fill two containers with 1 inch of vinegar. 
Into one container have them place a galvanized nail (used for 
fastening shingles). They should leave both containers for ?^\ hourb. 

After 2^ hours, they should put a 
coupte of drops from each container on a 
glass slide or mirror. Ask "Do you 
notice any difference?" 

Have them let the drops dry. As!:, 
"l/hcre do you think that material in the 
drop fran the container with the nail in 
it comes from?" (flOTE: You may also 
lil:e to have them try'usinR a lead 
sinker or steel v;ool instead of a 
f';alvanir.ed nail.) 

(Thic activity is adapted fron Casv gxoorinents with V^ater Pollution 
by Harry Sootin, Four \;inds Press, V. Y. Used by permission.) 




Have students research the dauiage done by acid rain to buildin^G 
and nonuMents. There l^.avc been several articles about the dan*age that 
is bcinc done to the *'?ncient temples in Rome and Greece, as well as to 
buibfinfs in i!ew York or London, among others. 

\ 
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STREAf4 TABLES 



MODULE OVERVIB^' 

In this first module, students will construct stream tables to 
help then understand geologic processes that take place on a long time 
scale. They will carry out experiments with their stream tables to 
study erosion by water arid to study how ground water forras the water ' 
table. 

KFY CONCEPTS OF THE MODULE 

A. Stream tables can be used to study geological changes made by 

water movement. 
B* Streams change in depth and position with time. 
C. Ground water (forming the v/ater table) is that portion of 

precipitation that doesn't constitute surface run-off nor 

remain in 

the layer of soil but sinks deep into the ground. 

MATERIALS NEEDED FOR THE MODULE: 

Cardboard box, plastic bag, masking tape, glue, rubber tube, 
buckets, sand, one 1 foot long 2" x 4" piece of wood, ice, clothespin 

TEACHER BACKGROUND: 

Minnesota has a rich and varied geological history*. Some of the 
best examples of the work of glaciers in shaping the face of the land 
are found in Minnesota. The "oldest rocks in the world," the Morton 
'gneisses (almost 4 billion years old) can be seen in the southwest 
part of the state. Glacial lakes and ancient river beds are easily 
accessible to students in the various regions of the state. All of 
these factors combine to make llinnesota's geological past a study 
worthy of student investigation. 

Hov/ever, study of changes taking place over billions of years is 
made more difficult for students because of the tremendous lengths of 
time involved. Several techniques can be used to help students deal 
with concepts of changes over long periods of time*- A time line (a 
strip of paper with length units representing time units) give a 
graphic representation of the relative lengths of time between events 
in history. A stream table accelerates processes of erosion so that 
students can observe the effects of water and ice on land. 



ACTIVITY BLOCr A^A-HlkT IS A STREAM TABLE? 
MAX!! IDEA: 

Strear* tables can be used to study geological processes Over 

time. 
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HATERIALS: 

For each group' c stream table you will need: one cardboard box 
(approximately 1 ft. wide by 2 ft. lonp,) , large plastic earbage bag, 
masking tape, glue, two 2 foot long rubber hoses or tubing (such as 
from a surgical supply or hardware store), two cans or buckets, sand, 
and one 1 foot long 2" x piece of wood. 

PREPARATION SUGGESTIONS: 

Stream tables have been' used extensively in geolofy and earth 
science classes for years, but it is only relatively recently that 
stream tables have found their v;ay into the eleitentary classroom (s^e 
the ESS Unit on "Stream Tables"). Unfortunately, teachers have been 
hesitant to work with stream tables because of their large size and 
potential for messiness. However,. a number of Minnesota geological 
principles of interest can be illustrated by a smaller and simpler 
apparatus described below. You might v/ant to make up a stream table 
ahead of time as a model, for the student groups. 

FOCUS: 

Paraphrase: "There are lots of ways thai the shape of the earth 
changes. Earthquakes and volcanoes change^^ the face of the earth 
rapidly. However, there are slower ways that the earth changes. 
Today we will make stream tables to look at the ways that water 
changes the shape of the earth." 

Question: How does the water change the sand? 
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ACTIVITY 
STUDENT GROUP HANDOUT 

MATERIALS: 

To build your stream table, your group will need the following: 
one cardboard box (approximately 1 ft. v;ide by 2- ft. long), one large 
plastic garbage bag, masking tape, glue, two rubber hoses or tubing, 
two cans or buckets, coarse sand, one 1 foot long 2" x 4" piece of 
wood* 

PROCEDURE 

To build your group ^s stream table: 
K Cut the top off the box leaving 6" sides. 
2* Ask your teacher to make a cut 3" from 
the bottom around all sides,, but just cut 
through the outer surface. Do not cut all 
the way through (see dotted line). Also cut 
frofn that point upward at each of the four 
corners. 

3. Fold each of the sides inward along the 
scored line to give a double outer wall. 
i\. Securely tape all sides and the bottom to 
reinforce the box. 

5. Apply a layer of glue (or rubber cement) 
to the inside bottom of the box. 

6. Line the box with a large plastic garbage 
bag- Be sure to leave some of the bag 
overlapping on all three sides. Smooth the 
bottom to adhere to the glue. 

7. Securely tape the bag to the box on all 
sides. 

8. Arrange the sand in a gentle slope. Fill 
the shallow end with about 1" of water and 
allow the sand to soak up the water. Replace 
more v/ater as needed. 

9. Set up the buckets and hoses as shown in 
the diagram. Start a steady flow of water 
out of the resevoir bucket and start a steady 
flow of water into the drain bucket by 
creating a "siphon" effect: Put the hose 
into the resevoir bucket, making sure that 
the bottom of the hose touches the bottom of 
the bucket. Suck on the free end of the hose 
until the water begins to flow. Holding your 
finger over the free end of the hose^ lower 
the hose until it is below the bottom of the 
bucket and flowing into one end of the stream 
table. A steady flow of water should result. 
This flow of water can be controlled by use 
of 0 clothespin clamped around the Middle of 
t*.o tube. 

^0. Now form "mountains and valleys" in the 
cand, and then turn the water on slowly. 
Observe how the water changes the sand. 
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A MODEL ECOSYSTEM 



MODULE OVERVIEW: 

In this module,! students will set up an aquarium and will make 
.obse;r vat ions and inferences about the interactions among the non-living 
factors or^ physical Environment and the living organisms or populations 
in tliis model ecosystjem. Students will then determine the affects of 
one non-living' factof, (temperature) on a living organism (fish). This 
activity will serve as a model for the students' design of their own 
experiments to test other factors which might affect the balance of their 
aquarium ecosystem. 

APPROXIMATE TIME: 6 to 7 class periods 

KEY CONCEPTS OF THE MODULE: 

A* The" physical environment of an ecosystem is made up of non-living 
factors which* interact with each other, o 

B. In an ecosystem, living organisms are in constant interaction 
with each other and .their physical environment, 

C. An ecosystem. depends upon the balanced interaction among the 
non-living factors or physical environment (e.g,, light, temperature, water, 
soilj and living factors (e,g.» plants and animals, 

INTRODUCTORY ACTIVIIT 

You may want to start off this module with an aquarium that you have 
already made. This would provide a model for the student aquariums as 
well qs a good motivator for many open-ended questions which might lead 
to student investigations during Activity Block C. Questions such as the 
following might be used: 

1, What> do you observe in this aquarium? 

2, What things do you observe in the aquarium that appear to be 
living? 

3, Wliat things do you observe in the aquarium that appear to be 
non-living? 

4, Do you see any evidence of a relationship between the living 
^ things and the non-living parts of the aquarium? 

FOCUS : 

Paraphrase: The world iti which each plant or animal lives is called 
its environment (or habitat). The environment contains pther plants or 
animals and non-living things such as soil, temperature, moisture, light, 
and winy. 

We can find many different environments in the area around our homes 
and school. We can also make different environments in our classroom such 
as this aquarium. We can then use these water environments (or aquariums) 
to do experiments that will answer questions about how these living and 
non-living things interact with one another and what factors might affect 
that inccrtiction. 

Question: What c^n you find our about the living and non-living 
things in the aquarium that you will make. 
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ACTIVITY BLOCK A~VmAT ARE THE NON-LIVING PARTS OF AN AQUARITIM? 

MAIN IDEA: ' , ^ i. . 

The physital environment of an ecosystem is made up of non-living 

"actors^wRlchT interact with each other. 

MATERIALS: -, u i = 

\ Large, clear one gallon jar with a wide mouth and a lid, half a 
paVl of coarse sand, crushed gravel, small pebbles, or one bag (500 g) 
ofVaquarium gravel from a pet store, a dishpan, a sieve or strainer, a 
sheet of white paper, and scissors. 

PRniARATION SUGGESTIONS: 

, Allow at least one week of advance notice for students to bring in 
one Lllon jars. Decide whether to have one aquarium per student group 
or orie for each student (which can later be taken home) . Hand out copies 
of thfe student directions and help set up the non-living portions of each 
aquarium. 

PROCEDORE: 

Have student prepare aquariums using the student directioiis given 
below. (Divide the class into group of three or four to collaborate on 
the observations and follow-up discussion. Masters for student worksheets 
are pro\(ided on the following two pages. 

\ 
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STUDENT DIRECTr^NS 



1. Collect the following materials 
for the non-living parts of your 
aquarium: large, clear on^*^llon 
jar with a wide mouth ancT a^ ^lid, 
half a pail of coarse Wnd, 
crushed gravel, a dishpan, a sieve 
or strainer, a sheet of v^hxte 
paper, and scissors-. 

2. Wash the jar thoroughly, 

but do not use soap or detergent. 

3. Put the sand or gravel in 
the strainer and wash it three 
or four times until it has been 
rinsed clean. Remove any twigs, 
brnaches or leaves that you might 
find. 

4. Put enough of the washed 
.sand or gravel into the Jar so 

that it is 5 cm deep in the 
front and 7 cm deep in the back. 

5. Place a piece of paper, cut 
or folded to fit the jar, over 
the sand or gravel. Pour tap 
water from a tieaker or other 
container carefully on the „ \ 
paper and fill the jar to within 

5 cm of the top . 

6. Remove the paper carefully, 
so that the sand or gravel is 
not disturbed. 

7. Place the jar in a well- 
lighted spot, but away from 
direct sunlight. Let the Jar stand 
wlchot.t a cover overnight. This 
gives the sand or gravel time to 
settle and allows the phemical 
gases the escape into the air. 

The aquarium should not be moved 
again. 

\ 

8. You will be adding living 
things to your aquarium in the 
next activity. 
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Observe your aquarium closely, yecord your observations' and answer 
the following questions.. * 

1, What makes up »the non-living part of* your aquarium? 

rtany non-living* 'things- qan be found in an aquarium. Some of 
' ' thesd are easier, to see tfia^ others. Mak.e 'a^ chart like the 
one shown below and lis t tall of the non-living .things- that 
you see or you think ffre in your aquarium. If you can't see 
' som'ething that^you are listing, be sure to note that. 



NON-LIVING THINGS IN OUR AQUARIUM 



1. 
2. 
3. 
4. 
5. 
6- 
7.- 
8. 

10.. 



Gravel 
Water 

Air (can' t see) 




2. How do the non-living parts of your aquarium interact with each 
other? , 

Construct a chart such as the one below and record your_^ 
findings. ♦ 



INTERACTIONS BETWEEN THE NON-LIVING 
PARtS OF THE AQUARIUM 


vOne non-living 
part 


Another non- 
living pare 


How do they 
interact? 


1. "Water 

4 


'. 4ir 

* 


Air dis- 
solves in 
water 


\ 

2. ' * 


—1-^ 




3. 

V 






t 

A. ' 


• 
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FOLLOT-UP DISCUSSION: 

Have the groups share their observations, charts, and answers. 
Keep a list: of all the student .answers on charts copie'd on the chalk- 
board or po3ter paper. Save these for the next two Activity Blocks. 

ACTIVITY BLOCK B ~ HOW DO LIVING ORGANISMS AFFECT YOUR AQUARIUM? 
MAIN IDEA: 

In an ecosystem, living organisms are in constant interaction with 
each other and their physical environment. 

MATERIALS (for each student group): 

Two conmon guppies (get one male and one female) or two minnows 
(again, one male and one female), an aerator, three or four rooted 
aquatic plants such as - ^Elodea or eel grass, a handful or floating plants 
such as duckweed, three ar four good sized snails, and brine shrimp. 

FOCUS : 

Paraphrase: You have set up the non-living parts of «your aquarium 
and have made some observations about their interactions .with each other. 
Now you will add living organisms. Plants and animals that live in the 
same environment are usua^lly found in groups rather than as individuals. 
All of the individuals in such a group are called a "population." 

Question: How do these living organisms or populations interact with 
each other and the non-living parts of your aquarium? 

PREPARATION SUGGESTIONS: 

You need to decide whether to have students obtain their own living 
materials or whether you will ordar these orgainisms from a*biological 
supply house or any pet store. If rdnnows are used, they may be bought 
at a bait store, but aerators will be ne^iaed for each aquarium* Maintain 
the uri>;inal group or individual student arrangements and hand out copies 
of tlie student directions for adding living organisms to their aquariums. 
If students ask wha-t the fish, snails, and daphnia will eat, you may tell 
Chem.that thLs question will be answered by their observations. 



STUDENT DIRECTIONS 



1. Collect Che following materials 
for the living parts of your aquarium: 
two guppies or minnows, three or four 
rooted plants, a handful of floating 
plants three or tour snails, and 
brine shrimp. 

2. Place' the rooted plants in holes 
made with your fingers. Put the 
taller plants at the back and the 
shorter plants at the sides. Leave 
/the middle and front open, so that 
you can see what is happening in 
your aquarium. 

3. Place a bagXwith the fish, 
snails, and brine shrimp into the 
aquarium and let it float for an 
hour. The water in the bag should 
then be the same temperature as 
the aquarium water. Now you can 

'put the fish and snails. into your 
laquarium and Veraove the ba^. 

(Remember, if you are using, minnows , 
' then you must have an aerator in 

ycut aquarium). 

4. Put the floating plants carefully 
on the top of the water. Use only 

as many plan-ts as are needed to 
cover about half of the surface of 
you aquarium. 

5. When you have complete the steps 
above, cover the top of your aquarium 
with a screw-on lid or a piece of 
glass. Do not punch holes in the • 
lid! ' . 
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Observe your aquarium closely, record the observations and answer 
the following questions. 

1. Now that you have added living organisms, what can be found in 
the water environment of your aquarium? 

A. If you lived in your aquarium, how would you describe your 
habitat? (Be very specific!) 



B. Make a detailed diagram or drawing of your habitat. 



C. What makes up the living environment in the aquarium? Make a 
chart like the one shown below and list all of the living things that 
you find in your aquarium. 



GROUPS OF LIVING THINGS IN OUR AQUARIUM 



Name of Group 



Population size of 
Group 



D. Check the population size for two or three days and record' this 
data. What populations in your aquarium have increased or decreased? What 
might be a reason for the increase or d§crease of population size? 



6;; 
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2. How do living organisms interact with each other and with the non-living 
parts of your aquarium? Construct charts such as the two below to record 
your findings. > 



INTERACTIONS BETWEEN THE -LIVING 
PARTS OF THE AQUARIUl^ 


1. Fish 


Suails 


Snails remove 
fish waste 


2. 






3. 







INTERACTIONS BETWEEN THE LIVING 
AND NON-LIVING PARTS, OF THE AQUARIUK 


1. Fish 


Water 


Swimming 
Breathing 


2. 






3. 
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FOLLOW-UP DISCUSSION: 

Have ♦^che groups share their observations, charts, diagrams, 
and answers with each other. Add these charts to the ones already on 
the chalkboard and list the student's answers.) 

From the discussions of the charts on the interactions, you can 
help them to come to an understanding of the meaning of ecosystem 
(see Key Concepts A and B) . Explain that this is a model ecosystem 
rather than a natural one, and in order to continue without deaths, 
it must be balanced (i.e., if they leave the cover on, the plants and 
animals should have everything 'that they need to survive.) When an 
ecosystem is balanced, all parts are working well. A simple test to 
find out if the aquarium is balanced is to remove the cap and smell 
the water. If the water isn^t pleasant smelling or if plants and 
animals are dying, then the ecosystem is not in balance. 

Special reference to the eating relationships or food chain of 
the living organisms in the student aquariums would be appropriats 
here. Ask students to describe any evidence of feeding among the 
organisms. Put their answers on the chalkboard in a food chain 
structure such as the following: 

Guppies or Minnows 



Brine shrimp Snails 

Plants Fish waste or plants 

Focusing on some of the students' observations and answers will lead 
into Activity Block C, students experiments on factors that affect the 
balance of their aquarium ecosystems. . 



6V 
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ACTIVITY BLOCK C ~ WHAT AFFECTS THE BALANCE OF AN AQUARIUM ECOSYSTEM? 

MAIN IDEA: . 

An ecosystem depends upoij the balanced interactions among the 
non-living factors or physical environment (e.g., light, temperature, 
water, soil) and the living organisms (e.g., plants and animals). 

MATERIALS (for each student group): . 

Two aquariums, a thermometer, a straw, a small strainer or dipping- 
net, a soup ladle or measuring cup, ice cubes; a small glass container, 
and other materials specified by the students for their self-designed 
experiments . 

FOCU S * * 

Paraphrase: Each one of you has been observing and studying the 
interactions of the populations of living organisms with each other and 
with the non-living .parts of a model ecosystem, your aquarium These 
interactions must be balanced or the organisms will begin to die. 

Question: What living or non-living factors might affect the balance 
of your aquarium ecosystem? 

ACTIVITY 1 

TEACHER INFORMATION: ui ™^ =,nH 

Students will be counting the number of times a fish s mouth and 
gill covers open and close to determine a change in breathing rate when 
the temperature of the surrounding water sslowered. When not feeding, 
Che opening and closing of a fish's mouth is a swallowing of water 
which is expelled through the gills, so the gill covers move as the 
mouth closes. The dissolved oxygen is taken from the water carbon 
dioxide is released. The rate of movement of the mouth and gills is 
directly related to the temperature of the water. The oxygen demand of 
a fish is dependent upon the body temperature which is determined 
largely by the surrounding water temperature. As the. temperature is 
Sed, the body reactions of the fish are reduced. Consequently, the 
Sh's oxygen requirement is also lowered; the volume of water passed 
ov^r the gm covers and the mouth is reduced'. An observer watching 
these movements should be able to detect these changes. 

PROCEDURE:^ each student group with a set of materials and copies of 
Che student di'.ections given on the next page. Each group will be testing 
how a change m water temperature affects the breathing rate of a fish. 
The breathing rate is determined by counting the number of times the 
mouth and fill covers open and close a 15 second time P"J°^- , 
breathing rate is first determined at room temperature and then "checked 
after the water temperature has been lowered. Remind the students that 
the ice cubes should be added gradually to allow the fish time to 
adjust to the colder water. Also, remind students that the thermometer ^ 
can break easily, so use them carefully. 
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• STUDENT DIRECTIONS 

1. You will need the following materials: one aquarium; a thermometer; 
a dipping net or small sfc^Mlner; ice cub(es; a small glas.s container such 
as a small peanut buLfeCT jar) beaker or bowl; a soup ladle or measuring 
cup; and a straw. / J 

2. Use the soup ladle or /measuring cup to take water from the aquarium 
and put it into the small Vcontainer . Make sure there is enough water 
in the container for the fiW>to swim. Remove a fish from the aquarium 
with the dipping net or strainer and place it in the small container of 
water. 

3. Take the temperature of the water in the small container. Be 
sure chat the end of the thermometer is in the middle of the container 
and is not resting on the sides or the bottom. Record this room 
temperature on the data sheet. (Thermometers can be easily broken, 

so use care.) 

4. Determine the breathing rate of one of the fish in the small container. 
One way to do this is to count the times that the mouth and gill covers 
open or close in a 15 second period.- Two students are nee led to do 

this ~ one to time and one to counc. To get a good average number of 
counts per 15 seconds, take eight counts, then add the counts together 
and .divide by eight. Make a shcart, such as the one below, to average the 
breathing rate counts and to record your data. 



TEMPERATURE 







45°F 


1 






2 






3 






4 






5 






6 






7 






8 












SUM 






AVERAGE 







&3 



5. Lpwer the temperature of the wate^ Very gradually or the fish could 
be harmed! <> Put one ice cube in the c/ontainer at a time, so the fish 
can adjust to the colder water. Stir the water slowly and carefully 

• with the straw to mix the colder water throughout the container. Check 
the temperature of the aquarium water with the thermometer after each 
ice cube has melted and the water/has been stirred. When the temperature 
reaches 44-45°F Wt) , immediatMy remove any unmelted ice cubes. „ 
''"Record the temperature on the data sheet. 

" I / 

6. JUse the same method as in/Step 3 to determine the breathing rate 
^or your chosen fish and recdrd it on the "data sheet, 

7. Put the fish back in ±us original aquarium. 

8* Make some conclusion^ ba-ed on your experiment • 

9. The whol procedure, steps 1 through 8, can be repeated with the 
other 'fish in your aquarium, if you wish. 
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FOLLOW-UP DISCUSSION: ^ 

Each group will present its experiment repost to the rest of the 
class. Discuss what they learned about the interaction of one r on-living 
factor with a living organism fjom the experiment that they performed. 



ACTIVITY 2 
MATERIALS : 

One aquarium, additional materials depending upon the students' 
designs 

FOCUS f j 

Paraphrase: In Activity 1, you determined how one non-living factor, 
temperature, affected a living organism, a fish, in your aquarium. You 
will now be designing your own experiments to show what other living or 
non-living factors affect the balance of your aquarium ecosystem. 

Question: What living or non-living factors affec** the balance of 
•your aquarium ecosystem? 

PROCEDURE: 

Each group is to Resign and darry-out at least one experiment 
(no more than one experiment for every two aquariums) to see what 
living and non-living factors might affect the valance of the aquarium 
ecosystem. The experiment design or plan should be approved by the 
teacher before eginning the experiments. Ideas for possible factors, 
or variables «:o test are: 

— amount of light falling on the aquarium 

— different sources of light 

^ — number of fish, plants, snails, or brine shrimp 
— punching holes in the lid 
, — completely removing one of the populations (e.g., fish, plants, snails, 
or brine shrimp) 
— adding an aerator, if not already used. 

Remind students that they can change only one thing for each experiment 
«nd everything else must be the same in the two aquariums. Students can 
observe: fish respiriation rate (count the number of times the fish open 
and close their mouths in a designated period of time); movements of 
organisms (how often, how fast); where organisms are found, plant bubbles 
or plant colors, etc. 

FOLLOW-UP DISCUSSION: 

Each group will present its experiment report to the rest of the class. 
Discuiis what they learned about water ecosystems from the experiments that 
they performed and also what they learned about designing and conducting 
experiments. ^ ^ 

EXTENSION: 

Illustrating short stories or poeras about their aquajLium (perhaps 
from the snail or fish's point of view) would be good extensions to 
the* aquarium activities. 



-81- 



A FIELP TRIP 



A field trip to a lake or stream is a wonderful opportunity' for 
students to apply what they have loarned in the lab to the "real 
world* "\ Students gain a greater appreciation for their role in nature 
by the .^udy of nature in its natural setting. 

However, effective field trips take a great deal of advance 
planning if they are to be the best possible learning experiences. 
This unit will provide you with the information necessary to have an 
outstanding experience outdoors. 

I. SOME BEGINNING QUESTIONS 

A. Mhat do I hope to' accomplish? 

There are a variety of reasons for going on a field trip— nbt all 
of which are good reasons. .Field trips are best used to relate 
experiences in the lab or classroom to the "real world." Lab ^ 
experiments, while "fun" for students, are often viewed as being 
separate from anything that goes on in the world. Field trips help to . 
bridge this gap between the isolated experiments done in the lab and 
the way that these concepts fit together to help us understand the 
grand scheme of nature. ^ However, for the field trip to be worthwhile^ 
sufficient advance plannihg is need^d. 

B. V/here shall we go? 

An understanding of what you hope' to accomplish will help yoij to 
decide vs^here to go and what to do. On the simplest level, a trip to a 
local lake* or pond (and' there are few places in the "Land of 10,000 
Lakes-' without a nearby pond) will provide a wealth of information and 
experience. Though more expensive, a trinjto one of the larger laker> - 
allows students to experience the effects of a larger aquatic 
ecosystem. . You will heed to consider the amount of time available and 
how much you can afford to spend. Nature centers may have programs • 
available to help at a reasonable cost (or even sornetinies at no cost). 



C. V/hat plans will I need t , make? 

The following is a check list Of advance planning that you may 

' . " need to consider: 

Availability of , facilities (if reservations are necessary) 
Remission of school administrators and •coordination with 
other teachers for release of students. 
Transportation 

Parent leaders (probably at least 1 per 8 students for 
maximum safety near water). 
\ Parent permission slips (be sure to indicate where the- 

students plan to go and any specia^l clothing that they will 
need) . 

Materials for working in the field (plans are given in the 

Q next section) 

Lab sheets, record books, etc. 



IJhat materials will I need? 

Collecting jars (baby food), cord, metal lid, eye bolt, 
v;asher6, nuts, small bottle, nails, waterproof tape, cork, screw 
eye, 1" x 1" pine v/ood, window screen, wire loop (or banding 
iron)', .nylon stockings, rubber bands, wooden dowel, heavy wire 
(e.g., coat hanger wire), thermometer, large nails, magnifying 
glasses. i 

II. PREPARING STUDEilTS FOR THE TRIP 

There are many things that can be done ahead of time to plan 
.for a sDcqes'sful field trip.' Maps of the area are useful in 
i)ri ending '.students to the site (better .jtet would be slidfe^that 
you might have taken on a previous trip). Excellent maps a(*e 
available -from: 

Branch of Distribution, Eastern Region 

U.S. Geological Survey 

1200 South Iinds Sf^eet 

Arlington, VA 22202 
These maps can be used to plan out a study scheme. Student 
groups can be mcide responsible (as their group task) for 
different parts of the lake area. 

You will also want to have iitudents prepare some equipment 
for use in. their sVudy. Plans for some of this equipcnent are 
given below. 

4 

1. SECCfil DISK 

A secchi disk is used for measuring the clarity of the 
water. You will need a large (5-6" diameter) can lid, a!i 
eye bolt, two washers, tvjo nuts, and 20 feet of rope* Paint 
the disk (using water proof paint) black and white as shown 
in the diagram. Drill a hole through the center of the lid 
and attach the bolt. Tie the rope to the eye bolt and make 
a knot in the rope every foot. Tl'iese knots will be used to 
reasure the depth. To use the secchi disk, stand on the 
edge of ti pier or lean over the edge of a boat. Drop the 
disk into the water and slowly la';er it until it just 
disappears. Record this depth. Raise the disk until it 
just appears and reqord this depth. Take an average of tKo 
two depths as the readinp,. This gives an indication of how 
far light can penetrate. Since plants need light* to live, 
this depth is an indication of the producti-vity of the* lake. <i 
In other words, if a lake is very cloudy ^then not as many 




2. ^7iTEr^;ai^pi.u:f 



Tie several nsils or v;eights to the outside of a srijctll 
bottle to make it heavy. Insert a screw oye into a cork tl.o 
proper size for the bottle. Tie h cord-arounc! the neck of 
the bottle and then leav,in(?; some slack, knot t;he cord to the 
eye (see diagranOV .Knot the cord every foot. To use the 
vjater sai.pier, gentiy lower the bottle into tHe water until 
it reaches the desired depth (as measured by the knots on 
the cord). Pull the cord sharply to remove thf- corlc. ^fhen 
the bubbles have stopped, pull the bottle to the surface and 
pour some of t!.e water into a small sample bottle. 




3. SORTIMG SCREEN ~=' 



A sorting screen is used for filtering sand .and pjavel 
on the beach. Make a wooden frame t)f 1» x 1". board 12" lone 
by 6" wide. Attach to the frarr.o a piece of windo*^ screen 
(the larce rnosh size will .work best). Pe sure to fold up ^ 
the edpes to ^et a secuV^e fit. To use the screen, place a 
sarjple of sand into the screen and shaUo tl\e screen back and 
forth to sift the sand. This^ works best with two people. 




n, PLAUKTOr^ i:!:T 

Make Vi circle oui of wire or bariiJin*!, iron. Attach a 

nylon stocking to thb circle. Toward the end of the , 

stocking insert a Ai\ll bottle and socur'e the stt^cking to 

the mouth of the bottle with rubber bands. Tie strings to * 

the opening of the stocking to use oS a I6\i lino. To use 

the plankton net, -drap, the net through the water off the end 

of a pier, behind a boat, or in-the shallow area. Collect 

olankton in the bottle. [J 

'fie 
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DIP PFT 



A (lip net can "be made in similar in/^nner* Drill a hole 
in the enc* of a v;ooden dowel and insert two ends of o heavy 
piocc of vnre. Form the wire into a circle and attach a 
piece of nylon stocking, Us^this not to scoop *up snail 
organisms by hand. 




, Attach Ti cord to- a thenjiOEr.eter. ::not the cord every 
foot. To use drop the thennonieter to the desired depth and 
leave it for several rrinutes. Draw it up rapidly and read 
tlie temperature quickly. 



.1 



7. i COLL^XTiriG JAPS 



j Paby food jars work well. Brine alonp tape for 
•LiLjelin^. ^ 



Piviide the students into rroups of three or four (depeir'ins 
r»n t^o qhnber (>f rdult leaders). There should be a p^irent-luador 
for every. two r.rv>ui)S at lea^Jt. Thermo tv^o groups will vork.tiear ^ 
enci^ otl:er if Vttxt tne one leader can suporvlr.o both .^roupir 
L'irtultancou/ly. 



/ACTIVITY 1 . . 

Using four larpe nails and M yards of cord, stake out a 
square plot of land 'on the sHore, measuring 1 yard in length »^ 
each of the sides. Record 4verVthing that you observe within 
that plot of land. If you don't know the name of sotnechine, 
describe it the best you carij^. . • . 




ACTIVITY 2 



Look at the Material ri^hV on- the edge of the v/pter. VJhat 
is it made of (pebbles, sand, mud, etc.)? What does this tell 



you about Uio way that the^^ake was fonnod?* 




'ACTiviTY r • 

Look v^t the water Do you see any ^;uits or animals? 
Describe what you observe. 



•7 
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ACTIVITY 'I 

Collect a sr.uill apiount of i'ond water in a jar. Dsinp n 
magnifying glass, look closoly at the water. ';hat do ycu see? 




ACTIVITY 5 

TJ'.e temocratures at various spots on the lake. If there is 
a pier or & boat available, walk out on it and take peasurenents 
of tetnperstures at various depths. Doos the temperature chanpe? 
Take temperatures at various points alonp, the coast. Are there 
?ny differences? '.'h'^t n-ight explain this? 




ACTIVITY 6 

Stundinn on a pier (or leaninf fror; a boat) drop the sccchi 
disk into the v;ater until it just disappears fron- sirht. Recorc' 
the depth from t're number of knots. Pull the disk up until it 
can just be seen. Record tliis depth. Find the number \Jhich is 
halfviay betvjeen tiiese two numbers. Record that number as the 
tiepth where the disk disappears from si^ht. 



ACTIVITY 7 

Standing on the pier or in a boat, collect a water sample 
from near the bottom of the lake using the water sampler. Seal 
an^label-thejar with the data, location of the sample, and 
names of the students in the group. 




ACTIVITY 8 

Draa the plankton net along the side of the pier, behind a 
boat or just off the shore l„ine. Seal and label the jar with the 
date, location, and names of the students in the p/oup. Also, 
label the >r "plankton." 




ACTIVITY 9 

Usinc the dip net, sift a net full of water. Do you see 
anything? Repeat several times and record observations. 




ACTIVITY 10 

Usinp the sorting screen, sift through some of the beach 
material Do you see anything? Collect the objects that are 
left behind ?n^^,he screen. Make a list of observations about 
these objects. 
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IV. BACK I^' Tl'r: CLASv^ROOf: 

Spend some timo cliscussinc v;ith the students v/hat they 
learned from the experience. Coi'npare observations fron the - 
various activities and different p,roups. 

ACTIVITY 1 

Place the v;ater samples collected in the sunlight • Check 
them every day using a rnagnifying glass. Do you see any 
difference between water collected at the top of the lake and 
Vv'ater collected at the bottom of the lake. 



ACTIVITY 2 

Take diagran;s showing the various things that you sec in the 
water. 



•ACTIVITY 3 

Viake a dravan^i of the lake showing your feelings about the 
field trip. 



ACTIVITY 



^Vite c poen. or a short paragraph about your field trip 
e::Ferieaco. 




9^ 
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ACIDS Ar.'D ERIHE SHRIKP 



liOnULF OVERVIEW 

Tliis module' focuseo on the effects 'of acids upon a small marine 
invertebrate. Students will observe the hatchinc and behavior-of 
brine shrimp under normal conditions. The effects of acids on the 
prevention of hatching is intended to der..onstrate the damage that acid- 
rain dooo to living organisms. 

«PPFOXIi!ATE TIME: 1-2 v;eeks 

coi'cfePTr> gf the iioDULE:- 

A. Proper conditions of salt concentration and teuipercturc ixe 
required fof brir.e 3hrit;ip to hatch. 

B. Brine shriRip respond to light. 

C. Acids will prever-t the hatchnc of brine shrin[>. 

;7.Tr.niA!..r. heeded for the module : 

Drine shrimp, shallow pans, non-iodized salt, cardboard j^iecec, 
cyodroppers, nagnifyanu class, light, source, paitfc n:i>:inr, tray (or cgf 
corton), plastic wrap, vinegar. 



It'TFOnUCTORY ACTIVITY 
IL'iTEPIALG: 

Brine shrimp ecx.s (available froiri a pet store) 

PP.OCEDUPE: * , , ^, 

Place some brine shrimp egr.s on a piece of paper, usk the 
students to observe some of them and to guess what they might be. 

ACTIVITY Bl.OCr A— \iI!AT COIIDITIOMS ARE NECESSARY FOR BRi;iE SHRIMP TO 
PATC!'? 



ERIC 



Proper conditions of salt concentration and temperature are ; 
required for brine shrimp to hatch. / 

!'ATERIAL*t«: 

Each student group will need: 

:?rine shrimp, shallow pan, non-iodized salt, cardboard piece, 
eycOrcpper, niagnifying glasses. 

rocur: . \ , ^ 

Pcrophraso: "o looUed at something and you t:iade guesses as to 
vrtct it r.iFht bo. Let's sdv' if we con find out what it might be by 
j)uttin£ it in water (if you have time you may v.-ish to ask tho students 
♦0 cive you suggestions as to ways of finding out uhat the n.aterial is 
.•jMc:'"t!-.or test thoso' sugcestion^ that arc feasible). It may take 
rcvoral days so uc will have to watch daily. 

Question: What happens eventually to thc^substauce when we put 

it into water? 



ACTIVITY 1 



TFMUl? PRRPAPATIOM: 

Prine shrimp need calt v^ater in order to hatch. -A pro{xr 
oolution can be made by rdxing 8 teaspoons of non-iodized salt 1 
quart \/ater. (You v;ill probably need to make at least a r»alion of 
solution for a class of 30 studontc/ If you have r^torape space and n 
container, it is best to make this all at once.) Use distilled watr-r, 
on tap \;ater that has set for 24 hours to allow the chlorine to 
escape. The temperature should ideally be between 70 and 80 degrees 
Fahrenheit. If it is bolder, the egcs take too lonj to hatch. If it 
is hotter, the oxyg,en concentration begins to drop too low for the 
brine shrimp to survive. 

> 

PPOCEDURJ:: 

Divide the class into groups of three or four. Provide each 
croup with a shallow pan and some salt water. 

Cut a piece of cardboard ? inches longer than the v'idth of the 
r^an and about an inch wider than tl'.e depth of the pan. Slot both ends 
of the cardboard so that it will fit over tlie sides of the pan leavirii^ 
about a 1/2" clearance at the bottom (see diagrar:i). 




Pour enough salt \;ater into the pan to fill it 1/?? inch. Spj-^inkle 
about 1 teaspoon of the n^ystery material (brine shriirip eggs) into the 
i;ater at one. end of the pan. Place the pan in a spot \/here it will bo 
warn and undisturbed (but not in direct -sunlight) . j 

After. 2^1 hours, observe the pan. (TEACHPR t!OTF: If kiall niovinr 
objects are seen—white to red in color— then the brine ohrK^t^ have 
hatched. To separate the shrirap from their egc sliells, have student 
i' roups place a piece of cardboard -over the end of the pan with the 
oci.s to cut off the lif^ht and place the other end in the light. Soon 
the shrimp will r;ovc toward the li^ht. They can then be trancf errcc 
to a clem container of $alt water with an eye dropper.) 

Observe the mystery material with a magnifying, rlnsG (or 
Microscope if available). Describe in words and draw a picture of 
Vihnt you see. 

F(^LLo\?-^u? Dirciisrior: 

Have student rroups report their observations and Tiharc thi^ir ^ 
virawinp^^. ^'avft then inf or whether the original naterial was livinr, or 
ron-livin;,. I'ovc then explain v/hat led ther; to thic conclusion, ^'pve 
t'vK.^ toll yoi» i;hat type of living material this rdihl be (c.-r., pInrX, 
animd, fish, etc.) After they have cuessed, tell then that t!iey have 
just obsorvod the hatching of Prino Shrimp. Kave theiu label their 
I ictures "Princ Shrimp" and put thera uo on display. 
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ACTIVIT'' 2 

Once your class has succeeded in hatching the brine shnr.ip, you 
i:.-jy .vish to have ther.-, look at some of the factors controllmG brine 
shrimp hatching. Have the students suggest some of the thincs that 
could be tested which might affect brine shrimp hatching. They ii^ay 

v;irJ-i to consider : . , , • u . 

a. temperature (to a limited extent, the hicher the ^ 
temperature, tl^e faster they hatch. However, above &j r the 
ai.iqunt ©f ox/gcn in the water drops below the level where 
brine shrimp can survive.) 

b. ai..ouiit of salt in the water.' 

c. crowding of^rine shrimp. 

d. sfuount of light. 

JIOTE: If you v;ish to keep your brine shrimp for '<^n extended 
period of time, they should be fed a smll su.omt of dry baker's 
r yeast every couple of days. Don't overfeed theiu or the yeast 
will becin to -row in the water and caust the water ,to become 
fouled. • 



\v. FOU.O'i-UP DISCUSSION , ^ , . , 

; r.ave student groups share the experimental reports and then 

discuss their implications ps a class. ^ 

ACTIVITY ra.oci: n—iio'-; do prii.'e shrii'p react to light? 

i lAir IDEA ' 

r-rine shrirop respond to light by nioving toward the li^ht. 

^''^^Drine shrimp, lir,ht source (e.g., flashlight), shallow pan, 
cardboard divider, salt solution, cardboard card (to cover halt 
of the shallovv' pan) 

FOCUS* 

Paraphrase: In a previous activity we saw th.at the sand-like 

nnterials were really the egf.s of a small wotcr ^'""^ature. In 

this activity we will look at the way that this organism responv^s 

to light. , , , 1 • u. o 

Question: Wa-i do brine shrimp respond to light. 

' Ask student groups to design an expcrin^ent to answer the 
quest'ioa.. The procedure below is one approach that they might 

Clean out a shallow hatching pan. Place the caraboard 
divider across the pan, leaving 1/2" clearance at the 
bottom. Plaoe^-4y2"- of Suit solution into the pan. Pour 
container of brine shrimp (which have been separated . rom 
? tliolr egg shells) into one end of the pen. Iinuediately 

cover that end with a cardboard card. Shmo a lipht at J.o 
othar end. After several minutes, cover the other eno \n<.u 
thf cardboard cord and shine the Uj.ht.rt the opposite -nc. 
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rXTEIif.Ior: Other Variables Affecting Drine Shrimp Behavior 

Aslc the students, "Can you think of anythinc else that adult 
brine shrimp niight 'respond^to?" Allow the student groups to test 
their a;n ideas by designing experiments. They may 'juggcst such 
things as: 

1. .temperature (put an Ice cube in one end), 

2. food (put some yeast in one -end), 

3. -sound (strike a tuning fork at one end). 

hey should then write up* an Experiment Report as in Activity 
Block A— Activity 2. ' 
ACTIVITY BLOCK C— HOW DO ACIDS AFFECT BRI!iE SflRIMP? 

MAIN IDEA: / ^ 

Acids will prevent the hatching of brine shriiop. 

MATERIALS: 

Each group will rseed: VJhile plastic paint mixinj; traj or 
egg carton, brine shrimp, salt solution, vine^^ar, eyedropper.*:, 
plastic wrap. 

FOCUS: 

Paraphrase: In the last activity we saw that brine shririp 
respond to light. In this activity we will look at th^ way tliab- 
acids affect the hatching of brine shrimp. 

Ouestion: How do acids affect the hatchinj^ .of brine shripp? 

PROCEDURE: 

Provide each student group with a set of rateria]' . 

Instruct the students to fill each. container of a paint 
mixing tray or Qgg carton v/ith salt solution. They should mark 
tlie first container ^'no acid." Each subsequent container should 
be marked "1,2,3 • • • etc." In the container marked "1," hnve 
them place 1 drop of vinegar, in th.e container marked •'S," .? 
drops and so forth until all are treated. A snail amount of 
brine shrimp eggs should be sprinkled over each container. Have 
ther;; lightly cover witli plastic wrap to slow down evaix)ration. 
(NOTE: With such small volumes of liquid you will have to . 
carefully monitor the evaporation. If containers do appear low 
in /olume, refill them with distilled water.) \ 

After 2^1 hours, ask students, "What do you observe?" Have 
students count the number of hatched brine shrimp with a 
magnifying glass. This* should be plotted on a graph. 



Ask the students, "Kow does acid affect the ability of brine 
O shrimp to batch?" 
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students may be interested, in looking i\t the. way in which 
acids affect the behavior of adult br.ine shrinjp. Have thorn put a 
fevsf Crops oX salt water on a glass plat^'- Cor piece of waxed 
paper)-. Using an eyedropper, a brine shrimp should be on the 
water. Have the students observe the motion for awhile. Ask the 
students, "llow rapidly |c3s the brine shrimp raove around the 

Have them carefully place a drop of vinecar to one ^;idc of 
the salt water drop so that it just touches, tt.sk tl^e students 
the following questions: . \ 

"What effect does t!-.is have on the brine shrimp?"s 

"Does the brine shrimp tr.ove toward the vinegar orN^way?" 
■ "'.'hat does this tell you about the effeots of acid rain on 

living things?" 



I 



104 



-94- 




EXTENSION 



UNIT 

0> 



6 



0 



« t 

ERIC ; 



THE ACID RAIM GAME 



TEACHER EACKGROUMD - ^ , \, iw, 

\Jhat has left over 200 lakes in the Adirondack Mountains of Nevsj 
York barren of fish and threatens to do the saMo-thelakes of the 
nouadary L'aters Canoe area' in the northern regions of ^iH^n5Sota? What 
is destroying the ancient tt^mples of Greece? VJhat l^as become the 
second most serious eri^^^ironmental problem in the United States and .lo 
also becoming a worldwide problem? Rain. The substance needed by all 
plants and animals in order to survive has become, m a special form, 
I potential.. killer. Acid rain, if unchecked, has the potential to 
destroy not only lifefoFms, but also many of tb.e monuments of. mankind 
constructed throughout the ages. But, what. is "aci-d rain'? 

All no-mial rainfall is slightly' acidic. This acidity is- the 
result of the toination^f carbon dioxide in the air with the rain 
to fonn carbonic acid, the same substance 'found ir'^odj pop. In 
nodcrn societies, an imbalance between the nomal f J-d^^.A^^^i^ .^"J 
overload is being created. Sulfur dioxide produced by scldh activities 
as burning coal and .-litrogen oxide? from automobile exhauacp 
increasing at such rapid rates that when they combine with uhe 
moisture in the air, sulfuric acid and nitric acid "[''^ 
acids are then returned to the earth durmc norrr.al rainfall Periods as 
acid rain, increased acidic concentrations in lakes can result in the 
eventual extinction of all life within the lake. ^^n^an-irp 

These sulfur dioxide and nitrogen oxide gases do not recognize 
state or even notional boundaries. Sulfur dioxide produced by a power 
plant in one area tnay be carried thousands of miles to be dumped on 
another area. ^The problem bf identifying a pollution source many 
thousands of miles away, expounded with international disagreements, 
makes regulation very difficult. • , , 

It is increasingly important, therefore, that people become aware 
of acid rain and its effects. As present and future decisions about 
the environment are considered, it is .important that fl^mentary age 
students come to grips with the problem, It was for this, reason that 
tFie Acid Rain Game \jas made. 

* ACID mn 'GAME: DESCRIPTION , 

The Acid Rain Game is a board game designed to help students 
explore the relationships among the production of P°^'e^;the making of 
a profit, and the death of fish from acid pollution. Students are 
given. opportunities to make important decisions aboOt the production 
of power and to 'observe the results of decision&. 

The game functions best as a^ springboard activity tp the study of 
acid rain problems. As such, it serves to arouse student interest in 
the topic and focus attention on key issues. Ihe game serves as the 
first step in the study of acid rain to initiate some questions wnich 
vill be onsw'jred later during the students' study. 

106 •' ' 



-96- 



.FOLLttWIP DISCUSSICH: :c * ^ , • 

Since this game is designed as a sprincboard activity, it i^. . 
important to follow up the Kame with some additional activities \ 
looking at the pr<)blems of acid rain. The following questions rnay\bc 
used to get the students thinking. about some of these environmental 

^ problems. 

1 • Has either country really "won"? *' 

2. \/hat happens when one country doesn^t have enough food to 
fe^d its people or enough power to run its industries? 

3. If you heara that a U.S. power plant was polluting the lakes 
of another* country, do you think that the U. S. power plant should ^ 
stop polluting even if it meant that you would have less. power or that 
it vjoidd cost more? VJhy or why not? (Have the students list the 
consequences of continued operation versus Jthe consequences of 
shutting dovm the plant.) 

EXTEtlSIOf: 

You may viish to extend the activities outside of the classroom by 
having the students research, the issue of acid rain and then prepare 
, an infon^:ation brochure describing the problem of acid rain wliich they 
could share with othef students in the school as well as with their 
parents. 

FOR MORE ItlFORtlATIOf!: 

Inforniation Booklet on 
* International Joint ConmissiQn 
Great Lakes Regional Office 

DO Ouellette Avenue >, 
llindsor, Ontario 1194 6T3 ^ - . . 

(Also ask about their slide/tape show "Promises to !;eop") 

The Case Against the Rain 
Ministry of Government Services 
Central Purchaseing Service Branch 
Parliauent Buildings , 
Toronto, Ontario M7A 1II8 . 

/ ^ - 

Research Surnmary: Acid' Rain 

EPA-5C0/8-.79-02P * - 

United States Environmental Protection Aftency 

Ed 674 

V/ashington, D. C. 20460 

(The adove publications are provided free of charge.) 
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T5iE ACID RAin GAUE 
(Student Instructions) 



The Vicid Rain Game, is for two players. One player 
represents Korthland and the other player represents 
Southland. (S5e Figure 1 for the diagram of the game 
board.) Both countries have several lakes along their . 
bonder, and both countries- have power plants along their ' 
border. The lakes' are important because they provide fish, 
a major part, of the diet for citizens of Slorthland and 
Sputhland. The pwer plants are iniportanf because they 
provide the energy to runXthe industries in the country. 
The problem is that the power plant uses coal containirip 
sul-fur. When this coal is burned, it- turns into the 
chemical sulfur dioxide. Sulfur dioxide combines with rain 
to fona acid rain. Acid ra.in\can kill fish. 

Setting up the Game Bbard.x Cut out the playing board 
and spinners and glue them to a'heayy piece of cardboard. . 
Poke a hole in the center of each spinner and in the tip of 
each -of th.e factory stackestacV:s. 'Unbend n paper clips .to 
• serve as spinners or snr-okestacks (see diagrar.i). 




Unbend 2 psp'cr clips to serve as pointers for the spinners 
« (see diagram) . 




Hake paper money in ij-SjOOO and S10,000 denominations. Cut 
out the pltsiies.and punch a hole through one end of them. , 

Starting the Game. Each" player starts the game with 
$100 ,'000 distributed as follows: five 010,000 bills and ten 
$5,000 bills. In addition, each, player starts with "iO fish 
(fish may either be cut out of paper or some token may be 
used to represent the fish) . These '10 fish are to be, 
distributed among the nine lakes in each country. To begin, 
each player spins the fish kill spinner to determine who 
should lo first.' Mij'Jt spin goes first. • 
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Playing a Round. Each round represents one day. Tinc^ 
the weather can change each day, the firsc task is to spin 
the v;incJ direction spinner. On each succeed^nn round, tho 
task of spinning for' wind direction alternate^G between 
players* There ar^ tv/o possible outcomes: tn^ spin may bo 
an east or a west spin, or the spin rnay be a nor\th or a 
south spin. * 

East-VJest Spins. If an East or a West direction is 
indicated, then it means that each country^s factory is 
polluting its ov/n lakes. Each player decides how much power 
will be produced and hmoQ how much pollution each power 
plant is (jivino off. (You will need to balnnce the fact ^ 
that using raore power results in earninp; rr.ore money, but 
also in the possibility of losing more fish.) Players nay 
choose to run their power plants at full power, at 60f 
povjer, or at 30% power. 

Full Power. At this level, the F)ov;er plant is 
opera titig^fe>uli power and rdso is putting; out a full 
amount of^sDllUtion. This is* represented by the lorcoot 
plume. Since tho power plant 'is operoting at full pc/wer, 
means th^t you arc earninf ir.oney, from selling the power 
customer ry, so you collect $20,000 from the banl:. Since 
produces the^greatest amount of pollution, the trade-off 
that you hove to spin the fish kill spinner three tir»ios 
total the sum of the three spins 'to detorninc the number 
fish killed. 



it 
to 

this 

ond 
of 




6o; Pow(3r:. At this level, the power plant^Trs just 
putting out enough po\/c? to "break-even." Youvneither r.ain 
nor \ozo money. The medium sized plume represents the 
pollution from this amount of poisjor. The trade-off^ is that 
you only have to spin the fish 1<ill once to'deteriui'he the 
total number of fish kiliefi. 
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30$ Power. ' At this level, the power plant is not 
producing enouch pov;er to meet the country needs, so you 
have to buy power. This costs $20,000 and it is paid to the 
bank. The short plume is used for this level of^ power. 
Since a nanimuni of pollution is being produced,- you don^t 
have to spin for fish kill at all. ; 




After each player has decided on the power output and 
paid money (if at 30% power) or collected laoney (if at full 
power), the appropriate plurao is chosen and placed on the 
pin through'^the factory w'ith the tail in the direction 
indicated by the vjind. 

tJortb.-South Spins. On a North or a South spin, there 
is an additional problen:. In this case, pollution is goinc 
across national boundaries. In other words, one country is 
pollutinfi the other. For example; on a south wind spin, 
Northland is polluting Southland, before deciding power, it 
is necessary to hold an International Joint Conmissioh 
hearing (between Northland and Southland) , In this case, 
the country being polluted can attempt to bargain with the 
polluting country to use JLess power. For example, the 
country being polluted may offer the polluting, country 
$30,000 to use only 30X power. If a deal is made, then the 
polluting, country places that plume on its smokestack. 
(NOTE: If the country agrees to 30S output, it must still 
pay $20,000.) If no deal is made, then the f)ollutin?. 
country carf decide any auount of poMer. After the poXlutinc 
country spins, then the polluted country spins to determino 
•how much it.\;ill pollute itself. HerHeaiber, negotiations go 
both ways and while today it is a south vJind, tomorrow it 
could be a north wind. 

Fish Kill. After tho (iirectiqii of pollution has been 
determined, each player spins the fish spinner to determine 
ha; many fish Wi.il die. For full power output, the spinner 
is spun three times and the number of fish Idlled is the sum 
of the three spins. For GOf. power output, the spinner is 
spun once and that nurribor of fish removed from lakes covered 
by the plujiie. For 30^ power output, there are no fish s 
killed. If .there aren't enough fish in the lake3, then fish 
can be moved from a lake directly next to the one without 
fish. If there aren't enough fish available, then that 
person is out of the i\zmo. , » 

Ending a Round, At the end -of each round, players may 
choose to move their fish around (but fish can only be moved 
- to lakes next to each ottier) or restocl: with more fish (each - 
^ flGii loUon roprosentin!: l.non fish costs C^>,000). 
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Ending the Game. Play continues, alternatinn the wind 
direction spin each round until one player goes broke or one 
^player loses all of the fish. At this point the gai.ie ends. 
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A BHCA CASE STUDY 



Teacher Inforaation 
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Teacher Information Pago 

P B.WC.A. Ca2o Study 

^13:>e* following materials allov/ students, to simulate the 
decisioriHnaking process involved in determining, the types of use 
for the boundary V/aters Canoe ^i\rea in northeastern Minnesota,. 
Stud||ts v;ill portray various special interest groups v;ho viill 
present their view to a senate advisory conmittee. That 
conraittee will be responsible for deciding ho\/ the P\tk should be 
used based on ha; convincing the special interest croups nake 
their presentation.* 

The following list gives a plan. for carrying out the 
simulation. 



TASK A: BACKGROUriD 

TASK B: .ANAIJSIS 
activity 



Individual Activity 
Individual or Small Group 



At this point you may^ wish to discuss the two 
congressional bills* with the students to be 
certain that they have a clear understanding of 
the issues. 



.TASK G-PART I: STRATEGY SESSICll 
TAS^ C-PART II: SEim ADVISORY 
COMfllTTEE ' 



oirall Group Activity 
Small Group Activity 



Divide the class into 5 groups. Five of the 
groups will«be assigned to o special interest 
groyp role. A sixth group should be nssignefi by 
selecting one student from each of the 5 groups to 
serve on the Senate Advisory Comnittee. 



PPESFPTATIOi; OF GROUP PLANS 

SEPOPT. FROfi SEHATE ADVISORY 
COI^^'IITTEE 



Large Group Activity 
Large Group Activity 



DEfUI-'FItlG 



Individual and Large Group i^ctivity 
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POSSIBLE scheidulf: of activities 



1 

TASKS 
/ A t P 



TASK 

c 



DAYS {US Minutes -■ 1 liour Each Day) 
3 ^» 



TASK 



PRESEHTATIM 



PREPARATION FOR 
PRESECTATIOK 



COinHTTEE 
RESULTS & 
DEERIEFiKG 



pcj-pi-yrrp. jhe teacher plays an important role in this simulation. The teacher 
functions as an orchestra leader, constantly Giving directions and 
advice, v-ihilc allowing-the students to find their own icays of„ 
\;orlcing through the issues. Be sure to follow up the activity with 
the debriefing. A guide is found at th.e end of these materials. 

* 

■ IIITERESTED STUDENTS: You may wish to invite i-nfeerested students to explore 

this topid in. more depth by lookinc at. the decisions that vjcre made 
by the US Congress with regard to the BlICA. In this regard, the 
Durton-Vento Coniprcniise Bill of 197B would be useful. 
Also students may be interested in exploring some of tlie other 
federul parks and wilderness areas. 

- 0UTC011ES 

y At the end of this activity, students should have a better under stimdinc of the 
s physical, Gcondmic, and soci-ai characteristics of the Doundary Vlaters 
• Canoe Area and how these factors affect tiie way that tlie region ts 

used; ^ , , ^ , ui 

b„ various points of view r^resentcd by the Vildornoss Act and the 

Multiple Use Act; . _ 

c. process 6f preparing a presentation in order to convince someone of 

their position; . . 

d. necessity .'for compromise in the legislative process m orc-er to 
acconrnodate the majority of special interests. " 
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TEACIIEP r.ACItGROUIir 



rionajiine llinnosotci^s Environment 
A Newsletter for Teachers 
Number ,17, April 1978 



PROS AI'D CONS 0!! USE OF 
FIOUriDARY WATERS CAflOE AREA 



The use and management of the Boundary 
Waters Canoe Area has be^ii a controversial 
issue for many years and will probably 
continue to be so for years to eor.ie. This 
issue of the newsletter contains excerpts 
from articles and reports about several 
aspects of thCj cent r over y. The 
nev;sletter, ^ in an effort to sho\/ both 
sides ^of those aspects, i.;ailcus no atterript 
to decide the issues or pa5»s judgnent on 
the statements made by the original 
authors of the articles. 




BWCA 



dl Superior Forest 



Uilliam Jokela, research assistant ^and 
graduate student, University of Ilinacsota, 
Department of Sc^l Science, spent hours 
assembling the infortriation, tjudh valuable 
and pertinent' material hqiS to be omitted 
in the process of excerptins articles in 
order to keep vuthtn the space linutations 
of this nev;sletter. Readers arc advised 
to consult the original articles for more 
complete 



background infonnation^ 



This is the conciudinf is:iue pf ?!anacinc 
Minnesota's Environment as at: oducationsil- 
effort of the A^riculturol F>:tension 
Service, University of llinncootci, Maillnt: 
costs and the need for extension to chift 
its educational resources to areas not 
beina met by other e'fforts ?*rr^ tlio primary 
.reasons for concludin;^ the series. 



Copies or reprints of .^'>verri previous 
issues of the nev.'sletter cr^ c^liil 
available ^ and may be rcquc^r^tnu in 
quantities \mtii supplies arc: 0Klv.*usted/ 
Pleaq^ send all correspondence concorring 
thi^f newsletter to Clifton Palsey, 
Extension Conservationist-Soils, l6 Soil 
Science -nuildinp, 15?9 Oortner /vo. , 
University of ' I'innesnta,* r>t. Paul, 
Minnesota ?S5lor, ^ * 
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Vn-IAT IS TliE BCUllDARY- WATERS 
CAIlOE AREA? 

The Boundary l.'atcrs Canoe Ar'-S, located in 
northeastern Minnesota', is the largest 
•;\'ational .V'ilderness Area east cf t'.ia RocUy 
Mountains— siightly ever 1 million acres in 
size. As a vast ares of inter-connectinj ^ 
\;atorways, amidst virj',in conifer forests, it 
is our only lakeland v.-ildorncss and unique in 
tVie national l.'iiderness Sys.ten- , ... it 
'stretches fcr r,ioro than 100 ir.ileo alone the 
Iiinnesota-Ontario border and supports unique 
northern fish and wildlife populations . . . 
Together with i'^s sister area, the million 
"acre Quetico Provincic.1 Parle in Ontari^o,. 
\ihere all lo^iri;: and r,.03t notorized 
reci-eatibnal uses are already prolubited, 
those t\jo areas cor.-.prise one of the finest 
wildornoss reuions on the continent. 
-Friend^i of the Poundary 
Jiaters \.'ilderne35 > 

Peaceful as this description sounds, the 
history of this uilderness area has been one 
of almost continual controversV.-. The area 
has seen such diverse activities as canoeing 
and canpinf,, motor boatin?., cross-country 
sl'-iinc, sno\mobilinc, \uldernoss research, ^ 
and timber harveatine.. ' Such varied use Oi 
the P.\!CA stems frcr.-. different purposes the 
area has ser.ved for tue groups of users, as 
desribed by Congressman Jsir.ea Cberstar ^ 
(Congressional Record, Aup. 5, 1977): 

-"To some the n'CA is treasured for its 
scientific educational and primitive values, 
an opoortunity for the urban dweller to 
escaoe to the solace and solitude of a remote 
land'vihers one can experience the adventure 
of discovery, see the primeval land as man 
first saw it, travel through it as the fur 
traders did three centuries ago-. . . To 
others, the local area residents who have no 
less an appreciation for those_!,'alues, it i? 
either their iroot accessible recreational 
area— and to most of them for only very 
limited. day use— oV the source of th&ir 
livelihood, whether, canoe outfitting, resort 
tnanaainr. or timber brveotlnr.. They never 
considered tl'.e n\'CA'a classic pure 
vjilderness; rather a combination of priraitiyc 

♦and nultiplc use." 



OUTLIfJr. HISTORY' OF LEGISLmo;: 
AND LAfD USE D' li'E r\'CA 

hl-Au.i\ <ron Outline History of the !'"CA. !!. L. ['cinselniau £:;d !i. C. Johnson.^ 
rri«:i;tij of- the rounc'ary l'nt(-rc l.'ildc-niesc, Duluth rsiid at." Paul, 

'1?0r~ Locci-i-C feif; P'^f*-^ the future P'/CA boains. 
19."^- riocrotcry or Aj^ricullLre Jardine issues proclar.ation ^^stablishinf*. 

1000 sc.Uare r»iiec of vilcfcrness area in the Superior ''ational Forcet 
^ iS'T). I.ocgin^; is allowed but no additional rcodo arc zo bo built. 
193n_ Cc^rrccs passes Shipstesd-IIolah Dill, which prohibits logginrj v/ithin 

i;CO feet of v;ater;:ays, forbids building daniS, and v/ithdraws all public 

lar.d in the SIT from hcrnesteading. 
' Forcit Service acquires tax delinquent land in v:ilderness- 

19^11 and builds many portages and foot trails in the •SNF. 
193?- Forcs.t^f.orvicc establisbes Superior Roadless* Prindtive /.rea (SRPA) vlth - 

.boundaries sinilar to present BV/CA, 
IQ^il^ Pulpu'cod loggiP;G bor;ins along 'southern perimeter of SRPA. "Fly^ins" 
IQ^iP i^tart to be established in SRPA* by resorts. 

19'4C-. Corcress passes ThyerniatniU Act. Act directs Secretary of Agriculture 
tc acquire resorts, cabins, and private liQldinc: within 2/3 of future 
^"C} . . , er.tendcd in 1956 tc cover alnost all of present VMCA. 

19^!C- Prcr^idrnt Trur/.an issues executive order Torbiddins flights belov; 
'100 feet over SI*PA. ^ ' • . 

19rf_ r6re:;t Service 'chanKec nauie cf Superior Roadless Prindtive Area to 
rot:i:dary L'atcrs Csnoe Ar^-a. , 

10CO- Coiirrcss passes Multiple Use-Sustained •Yield Act which establishes 
: .'Utlple j)se concept in national forests and directs Secretary of 
^r^riculture prcnote log£;inn up to level of sustained yield. 

r/j^l- .Cciitx'iss passes IJildorness Act. Fj:ernption, applying only to Bl^CA, 
providcc tor continued timber harvesting and tnotor heat use. 

Ifrfv-. focretsry cf Agriculture Freeran issues 13 directives on P\JCA use 

fror* '*nil:Q Coraidttoc 1'eoor.xiendationr. Desi.7,nates 19 routes for use by . 

• otcr 'C'Cats and sncvMiobilos and divides DIJCA into 600,000 acre 

interior zone closed to logpinc and -^,000 acre portrl zone open 

to •lo^^pinr;. * ^\ ' 

}y^L Ooi per-nic!:^l prospecting increases outside PIXA. ^ 

1^6r~ Intcrnr.tionr.l :'ic!:cl Company (IIICO) develops exploratory rlne south 
cf . • 

I;?:-- ro'^i^Tcl District Court (Judge Ileville) prohibits raining in PVCA* 
V/i't^^ decision prohibiting rdninfi is appealed .and revevsed. 
VIZ- Fv^dorrJ District Court (Judge L6rd)jbans loG^in? of viri^in tiruher. 

C6ncressr:ien Ober^tar int reduces-^ BHC A Mil tjiat would establish 

'!OO,00O acre Ifationgl Recreation Area. 
V^7r- r*ti' r-istrict Court of Appeals reverses Lord decision, thus perinittinr ^ 
* vircrin timber logging. Congressman Fraser introduces bill to give fiiICA 

full wilderness status. Secretary of Agriculture Futz bans snownnobiling 

and oets some size restrictions on niotorboat use. ' 

T!!r vri prrrrrp act ' - ^ 

of IK^ I'ilderre^o Act in 196^1, .part icul^jrly the parai.;rc.ph exempting tlie }}\:CA 
ini. cortc'in [.rovisiorr, h..^ been a continuinr source of controversy hz to what land 
v: < ' * "'hould be allov:ed. 

r THi' Act uefin^.w a wilderness as an area \jhere "the earth iind its conrnunity of lif^ 
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are uritratnueled by man, where rrian 



himself is a visitor who does not remain . . . 
retaining its primevc.1 character . . . managed to preserve its natural conditiciu; . . 
. where' the imprint of niah's viork^s substantially unnoticGable. " 

But . the Act also provides that the . BV/CA be managed "in accordance ;;ith general 
purpose of maintaining, without unnecessary restrictions on other uses, includinr 
tihat of timber, the primitive character of the area . . . Provided tnat nothinr: in 
this Act shall preclude the continuance within the area of any already establisn-^c. 
use of r.otorboats-." . * 

The main areas of debate regarding land use in the BUCA have been mineral exploration 
and mining, logging and road building, and recreational use of motorboats cnc 
snowmobiles. At present mineral exploration and inininj are banned on scrteU.nd^ 
vfithin tlie PICA and no mining is being done. Logging is currently allo\.'ed_ ir tr.e 
portal zone, but companies with timber leases have agreed to temporarily rc-frain froni 
cutting in hopes of a legislative settlement, rtotorized canoes and boats arr allowec 
in desienated areas comprising approximately 60 percent of, the water surfrce, ..ut 
snov.'-uobiies are banned in almost the entire area. "3' 
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PrOpn^HD PVCA LECISLATIOK 

I'uch of tre current controversy is focused oh t\;o Congressiorw-:! bills, one 

prui»oji€fl by J^mcs Oberstar gtjci one by Donald Fraser. At the time of this writing 
(April 1973), the House r.ubcomittee on national Parks and Insular Affairs has just 
cmupleted'' consideration of the tv;o bills and has proposed a compromise, t^e 
Purton-Vento Fill, which v/ill be considered next by ti.e [louse Interior Coinnittee. 

Since tLc original bills are representative of tv;o basic pointr. of view concerning 
the ruCA, thoso two bills, as \jell as the canpromise bill, will be outlined briefly. 

orrRSTAr bill 

1. Approximately 150,000 acres are added to the current nvfCA. 

?. The area is divided into two zones: the Eoundary IJaters Wilderness 

(715,000 acres) and the national Recreation Area (3^0,000 ^acres) . 
Z. ^'ithin the Wilderness Area, timber harvesting, motor boating, and 

3nov;mobiiing are prohibited, 
i'. ,rne national Recreation Area is zoned to allow travel by motor boats 

of limited horse power (10 hp on smaller lakes, 25 hp. on 17 bigger 

lakes) snov;nobiling on designated routes and logpinp, of second-growth 

timber. 

r,. Mineral exploration and^rraning and locking of virgin timber is prohibited 
in both the Wiidernoss and National Recreation Area. 

rpArRP riLL 

1. The r'C/ is renamed. the Boundary IJaters Wilderness Area. ^ 
The followinj; activities are prohibited in the entire Wilderness Area: 

a. CaiTierical timber harvestinc and ndf^inistrative cutting of timber 
to manipulate vegetation • 

b. Recreation^.! use of motorized \iatercraft and snowmobiles, except 
for a 5-ycar phase-out period in hardship Cc^ses. 

c. Mineral exploration and uaning. 

3. Arvroxira:itely 35,000 acres are added to the DWCA. These are areas 
that have been raanafecd primarily a.*> vjildo-iiess in the psst^ 

^t. revisions proposed liitcr by fraser would provide funds or extend 
jjuthority for. the following features in order to deal vzitirconcerns 
about the econoiidc ioipact of the legislation:* ^ 

a. In areas withi^n the Superior National Forest but outside the D\?CA: 
complete 110 niles of unfinished snowmobile trails; upgrade lake 
accecs and build ca{;/psit^s in areas well-suited to motor recreation; 
intensify forest management. 

b. nuild more hiking trails inside the CWCA. 

c. Exanine available alternative timber sales for the four timber 
companies now holding cutting rights in the BWCA. 

t\ Allow resort owners on peripheral lakes to voluntarily sell their ^ 

holdings to the government, 
•i, Consider extending to 10 or. 15 years the motor phase-out period for 

certain peripheral lakes and keeping others pennanently open to 

U'tors. 

rn:>To:!-VFrTC^ bill 

Pruvisions are essentially those ^of the Fraser Pill, including the reconmended 
additions, with the following chanpes: 

1. A ^?7,000 ncre National Recreation Ar^a is established outside the 

f.res(Mit ?^>JCA to include the Echo Trail, Fernberg Road, and Gunflint Trail 
rcv-jd corridors. St?:te and local governments, are to develop lano use 
regulations \/ithin a model zoning code provided^by the Secretary of 
Agriculture. , ' 
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2. llotorboats of 10 hp. or less are permitted pennanently on ^?. poriplieral 
VJilderness lakes and for 5 years during restricted seasons on 2 r.ore. 

3. Snwrnobiling is ponnitted on 2 winter portages to allow access to 

Canada . ' " / 

1}. Uining and mineral exploration are prohibited within the Vilderness 

and i.'atfonal Recreation Areas. 
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PfYi'ORIJ'.F.D 'RFXnisATIOi.'Al, VEllTCI.rr 
II! THE B\.'CA: PRO MID COI! - 

TVsi; followin£ are excerpts fror.i various sources that either support or oppose 
t!-.e use of niotoriz(»d vehicles in the BWCA. 

inrnns in visitor use 

The trend is toward . more canoe-paddlinr, canoeists. They represent a greater 
prc'portion of 'total use, travel creater distances to cet to the area, penetrate 
deeper into the B\iCA, and stay longer than other types of users. In the early 
to nid 1960s visitors traveling by^ canoe (paddle and notcr) barely outnumbered 
notorboats. Today, almost 70 percent of the visitors ^o by cano'=;. ^QtMsen 1959 
and 1977, the nujiber of paddle cance groups increased 90 percent while the 
nunber' of motor canoe , and motor boat j^roups increased only 15 percent. (From 
Hhen the Wilderness Gets Crovjded . . . ? David Lime, U. S. Forest Service, 
{'orth Central Forest Experiment Station, S*-. Paul. Maturalist, Hinter 1977.) 

PADDLE CANOE vs. ilOTOP. CAI.'OES AMD BOATS: COilFLICT 

OR COilPATIBILITY I!.' THE '..'J.L.DERMESS? . ^ 
I'otor canoes constitute only 10 percent of the .total use but are 9 valuable 
means of distributing canoeists.. 'Motors are used ciln;ost entirely by fxshernen 
■ivA the fifiured show their main use is in the springe and fait v;hich does not 
conflict v'ith the principal July-Aucust pai^dle canoe use. 

i'ejri; all rnotorboat use ia by non-campers on perincter lakes. These are alniost 
entirely fishermen and their fa-nilics uho have apcormoriatitns at resorts,, motels 
or hones outside the \;ilderr.ess and use their boatj to travel a fevi Miles inside 
the ^VCf'. for a day's anglin,',, leavinc at night. Fron the ecology standpoint, 
Uds use is the i-.ost conpatiblo in wilderness preservf.tion since these people do 
not cA.p and f-u:ve no iaipact other tlwn travelling, on the surface of a few 
porir.ioter lakes . . . Rather than disuicnber this unique uiltiornsss, motorized 
tn-fiic helps to preserve its wild character by diapersinc the heavy traffic on 
the i5;'jor access routes. Motors help speed canoeists to the seldom used, more 
rof.ot'^ areas of the region, l.'ise, limited rnotcr use will pres-^irve anc' conserve 
t\<' "^' CA by scstterinc the influx of visitors over a larj-er yrea. (From 
•linnesota's B\!CA~i:ultiple Use., or Sin£le Use? Boundary I'aters Resource 
Com.;itteo, Ely, -'annosota.) 

i: if :f vf V -r; i> Vt 

ArotiTar iriportant influence on experiences is conflict that exists botv/een. 
non-i-otorizod nnd laotorir-ed p^^rties. . Motors ore porr.dtted on 1? designated 
routes, in tlx ri/CA, or on about 60 percent, of the total untor acrea;*,o. As 
previous i'^'CA research uncovered, we found continued dinsatisfciction on the part 
of poddicrs \iith r.*t:ctiMC n.otorized parties. The conflict is generally one-sided 
Dt.i. r^opaari:^ to be inuch nore severe than previous rei:ea'rch has r/no^m. Nearly 
M.ilf Of the notorboatcrs said it wouldn't matter h,ow r^any other parties they mot 
per cay. Significantly fouer motor canoeists (29 percent) ^nd paddle canoeists 
(P. percent) felt thut v;ay. Paddle canoeists had the lowest threshold of 
r -noitlvity toward encounters with motorized parties.. For example 93 percent of* 
thv? ,.:^.ddle canoe parties preferred not to Moet cny motorboats per day; 83 
percent of them preferred not to meet any notor csnoes; but, only 1C percent of 
ti e paddlinj;' groups preferred to meet no other peddle canoes. (Frorr. '^Hien the 
-ilUcrness ^Gets Grounded . . . ? Dr.vid V. Lime, U.S. Forest Service, Morth 
rontrrd Forest Fxperinont Station, 3t. Paul, naturalist, llntcr, 
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Canoeists' attitudes indicate that motorboating is incompatible with canoeincm 
a wilderness, and v;ithout priority the opportunity to choose wildernesn canoemr 
would be reduced or lost. One rr,otorboat seems to equal at leaot thrr<- cmncz,^ 
fron the canoeist's point of view, partly because boats destroy their uilde. nes.. 
2nd' partly because motorboats will 'be observed by far n.ore croups tniifi Vill 
conoes, because tliey travel farther and make r.ore noise. Siwiply oispersirc aj.J 
use to reduce local crowdine without separating, the two incompatible types i;oux<. 
appear to be a- mistake; instead of solving the problerr. it diahes it" more 
widespread., (Fron- The . Recreational Capacity of the Ouctico-Supcrior nr;-D. 
Robert C. Lucas, Lake States Forest Experiment Stction, St. Paul. L. - lor^bt 
Service Research Paper LS-15, 196'!.) 



^or people who wish to use motorboats, there are dozens of large and beaitifJl 
lako<^^ -open to rr-otors inii.odiately outside the n\;CA . . . Similarly, pnowp-icciles 
can legally travel on national and state forsafe? lands, on literally tnousy-.as of 
state lakes, in r.ur.y state parks, and on thousands of iil-les of private ari(, state 
■trails. In contrast, those who seek a pr.'i.iltive canoe experience have nu oUiKr . 
option-this kind of wilderness canoe trip is not available anywhere else in t,.e 
United States. (Fron Statement before Subcormiltce on national Pall.:. Uid 
Insulsr itoirs, Donald Fraser, August 'I, 1977.) ■ 

s:ia''j'.or.iLES ii: the ei/ca: pro mid con 

PRO 

r ^ snovn-iobile ban Icecps many lakes out of reach of day-use fishen^en. 
C. Snowmobiles pack cross-couptry ski trails, makinc it easier for thf 

novice and modorately-acconiplished skier to enjoy ,the area. 
3. Snowmobiles are an important asset in rescue operatipns for lost or 

«. SnSbilerf are major users of the area; it makes little sense to shut 
off this use when it conflicts with only a very small number of nun- 

SnSiles^drnot have a hannful effect op tlie physical environrrent 
because they run almost exclusively on lake surfaces anc do not usually • 
involve canpinf.. 
5. A ban violates snowmobilers' basic rights. 

COf ' 

1 . The fiUCA lake trout fishery is already scriourily over-fished and cannot 
withstand any additional winter pressure. ..u .• 

Sna;mobiles do pad: trails, but their surfaces often interfere with oki 

* travel. 'Jilderness travellers prefer to break their own .crails una iinc 
snov-Tiiobile encounters un; xeptablo. k„ 

3. Tnc use of snowmobiles for rescue work would not be pronibited by new 

i|- TTiero is siEnificant non-taechan ized winter use and this use is -ro\;inf:,. , 
<=^' The ^"vidence on the effect of snov.T.iobiles on the environment is 
inconclusive; tb.oy do interfere with the nestinf. of ghqUs in late 

February and March.' ^ ,-,1^ n,^ n-rft 

6 There are more th.an 0^000 miles of snowmobile trails outside the Pa CA 
in Sn^esota, while the BV/CA is the\.nly significant winter wilderness 

(-ri" m?CA'''Jiinter Recreation Fact Sheet. Friend,s of the EUCA, Duluth and St. 
AnT 'in esota A review of selected research on the ccolocical iropoct of 
nowAobires fa pres^ the November -1975 issul^ of Managinc Minnesotc's 

flnvircnnent, ftol>cr 
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W^OI'IC IHP.AJCT OF PnOHI?ITI!!G flOTOR VDIICLCS in V^'Z PMCL 

; pfro/cir.ately 50 resorts are located near the periphery of the BV/CA. .^.bout 18 
cf thCGc v/oulc! be seriously affected by r7 bill; they are located on key 
L.ctorboat routeo leading into the rV?CA and cater heavily to fishermen using . 
luOtors. Located on Sajjanaga, Sea Gull, Clean;ater, Cast Pcarskin, Prule, 
Cn.owbank, Lake One, Fall,, and^ tloos'e Lake and the Ranee River, these resorts 
could not send their nr;otor clientele to alternative fishing spots were their 
lakes closed to motors* ^'e '"hope they would be able to attract a different 
clientele, one More interested in v/ilderness-typc experiences* Additionally, a 
fev; nliiht be able to change over to canoe outfitting (sor:.e already base part of 
tlxir business in outfitting), but outfitting is extreiTiC-ly competitive and a 
shift u'ould, for most, require very difficult " psyeholoGical and investiTjent 
ndaptation^w 

Th^ field hearings underscored the need to make 5onie provision for the most 
seriously affected* resorts* We , cannot and should not expect the local 
businecSuUJn to beaf* the full econoniic responsibility for v;hatever actions 
Congress n.ight take. Ife fnust be sure that the resort owners are treated fairly. 
(£d. note: See proposed additions to Fraser Bill, page U.) 

It, should he reriernbored that only a .very'fevj resorts hove the potential for 
toinE seriously affe'cted. The ^ majority of resort owners in the area fall either 
into a low impact catecory (approximately 15 resorts have available to them 
extensive fishing areas or , v^ater recreation areas outside the BVICA or are not 
phyaically located on lakes that would be closed to notors) or into a rnedium 
if;;pact Category (approximately 13 resorts base significant portion of their 
business on n\:CA f isliing, but could send their clientele to large alter nativ,e 
areas of good fishing waters outside the EI/CA and tributary to the resort 
lM:c5). In addition there are approximately 25 firms in the irjj:)ediate vicinity 
of the ^VCA timt are engaged primarily in canoe outfitting; they v/ould be likely 
tu benefit directly from our bill. (From Congressional Record. Donald Fraser, 
August 1977.) 

.H M ^ ^. ^ X y. n ^ t\ 

. . * .Today, if the Fraser Bill passes, approximately 30 more RosortsVCanoe 
Outfitter o and BIJCA businesses would be bankrupted. In a survey of only eight 
cf those that would be directly affected, a total' of 85 jobs would be ^ 
.discontinued . . . annual incomes totalling $618,000 \jould be lost. This doe.s ' 
not include an annual payroll of $700,000 paid by just one local logger whose 
future is doomed without Portal Zone harvesting. Even If adequate compensation 
were made to those businesses most affected, the loss in tourist numbers 
c;lone~the thousands Icsiring multi-activity vscaticns— would put many of the 
local tourist-dependent r.erchants and serivces out of business . . . (From 
i;inneGota»s C\/CA — Multiple Use . ... or Single Use? Boundary Uaters Resource 
rowdttec, Ely, llinnesota.) 
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FOREST tViN'AGEMENT IH T!iE BWCA 

# 

FOREST ECOLOGY MT> TIMBER l-!/iliAGEtlEHT 

Tne great variety in types and ages of vGgetational comunities ir, the Toundary 
V.'aters is due to varying combinations of topography, soils, noisture conditiors, 
raicrbclirnate and other ecological factors.. But the ercat variable that 
traditionally has shaped the area has been fire. 

In the natural history of this area, lightning fires v/erc a corrrnon occurrence, 
•■•her. -fuels wore sufficiently dry and winds favorable, a fire would s;;ecp large 
sections of forest until it burned out against a natural fire break or urtil the 
weather changSd. In the areas of the great red and v;hitc pines, the fires u'oulcl 
generally only remove the understory, v;ithout killing the Mature .tress 
tV.cirisilves, thus enriching the soil and preparing the way for yoMn^r trees. 
Other species, such as jack pine,, are genetically prepared for the cataclysr. of 
firci and arc well adapted for regeneration. It is estimated that in the p^st 
an tver.afi-' of '"^out one pcrcei^t of the Boundary \?aters Canoe Area burned each 
year, although with wide variability, leading to a complete roplaceracnt cycle of 
about 100 years. In this way, a constantly dynamic diversity was maintained 
throu;;hout the area. 

Suppression of fire changed all that. In the absence of the normal fire cycle, 
shade- tolerant species, which normally wore only transient within an area, 
becai;.<^ entrenched and forced out the nonnal species, fiw, pine, aspen, and 
birch" are being choked out by balssr.. fir, spruce, ar.d northern white cedar. 
Diversity is being lost, v;ith consequences not only, for the tree species 
themselves, but also for the intricate cornnunities of plants and animals that 
depend on \iarying r.iixes of trees. 

This situation is serious, and th^ Forest Service .basically has three options. 
First, it can simply .lat present trends continue, a policy that uill result in 
•scverti forest degradation along the lines described above. 

Second, it can substitute artificial management techniques for fire's natural 
role, uhich is what the Forest Service intends to do throughout the Interior 
Zone vjithl the administrative cutting proposed in the 1973 rnanageniont plan. The 
forecl' would be manipulated so as. to cl.ear out "undesirable" species ar.d 
replicate, to the extent possible, natural conditions. The trouble with this 
approach, of course, is that it will fail. Logging and fire are two different 
phenomena, and resemble each other only to the extent that live trees are 
Wled. Logging would tend to deplete nutrients rather than build them up, 
ijould have different and generally deleterious effects on native wildlife, would 
' cause erosion and degradation of water quality, would ruin the area for 
:,ipnificant ecological research, and would generally con-.pounc. rather than cure 
the yynttietic man-made situation caused by fire suppression. It would also 
violate the very concept of wilderness by introducing new massive artificial 
rjymipulations and intrusions of disruptive activities. 

The third alternative is to reintroduce fire, the natural means of maintaining 
forest ecosystems. The DVCA, v/ith its vast network of interconnecting ]ahos, 
otrcaw:;, ctad wetlands, is ideally suited for a prograti. of prescribed burning. 
LTieri weather is favorable, a fire can be set to burn up against a natural fire 
brcal' and the burn can then serve as a fire break for further fires upwind. 
Althf u,->h iiiich a pro.\rr.i.i must be experimental in the early years, to guard 
against throats to ouMic safety and outside property, preliminary viork done in 
werurn valderneos areas indicates that no insurmountable problems are likely to 
Q Griar-. 
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Throu£h the prompt ^option or ^ wise fire policy, the coolo^icnUy dnr^Ginr 
nn. ..r 'ur(?nt mir>V.akc5 ot the past can be; rectified ir» tho rc^lalivcly nenr future* 
(Free! Cuttinii Up in The Houndary i:atcrr,. H. E. Wright, Jr., University of 
uinneootc Depyrtnents of Geology and Ecology, and Jonathan Ela, f:ierra Club 
r.ulletin, May, 1974.) 

ii « Y: *> ^ Y: 

An obvious conclusion i.^ that the ecological succession of the forest of 
northeastern tlinnesota is disturbance-oriented. iJhether the disturbances are 
created by r..an, . accidentally or in nanagenent, or whether they are natural, 
caused by fire, v/ind, insects, and disease, a hypothetical climax forest v;ould 
rnrely te achieved. tievertheless, in \;ilderness or natural areas, the ideal 
nic3nab^n.ent ia seenin^ly to let nature take its course. If the reproductive 
capacity cf the species were not influenced by the impact of civilization, 
riciture could be effective. Permitting \/ildfires to burn or using prescribed 
fire in standing timber in northeastern Minnesota can aid in the perpetuation of 
the ,i:jpenrspruce-fir complex or the restoration of jack^pine and blac!: spruce. 

r'ofi^rn influences on succession, even in reniOte are^^is, tend to eliminate rather 
tlian perpetuate the longer lived red pine and v;hito pine folla-iihg natural 
disturbances. These .species cannot be restored by natural neans to the position 
they represented in the forests of the past ... A choice must be nade between 
(1) establishing, through .nan^s efforts, forests resernblinc, the prineval stand 
or (2) by . natural means, pcnnitting the development of a forest in which other 
species predominate. It is possible to opt for each of these choices in 
different, parts of the area. (Fror. Regeneration of Red Pine and VJhite Pine 
Follaiing, ^'ildfire and Logging in tlortlieastern Minnesota. Clifford E. Ahlgren, 
\llderness Researc' Foundation, Duluth, HN. J. of Forestry. March, 1976.) 
I 

w X M ^ 4( ^. }\ 

Taose vbo prcriote fire as the only manageraent tool for use in v/ildorness ^nd 
ulut>r r'z credit ion areas need to be concerned regarding the possible creation of 
:,:docau3t fires that could cause loss of property and lives. Late suro-cr or 
i^orly autinn fip.-s i^^y be v.s3ential to accomplish desirable objectives. This is 
the poripd when practically Ul of the hclocaustic fires of the Lake States have 
developed. This is the period of heavy canoeist use of the BKCA. \111 they 
V^-lerate, understand and approve of such fire use and pocsibie destruction? How 
' r..uch atcicspheric pollution will be involved in such burning of the annuel rrcwth 
of tL. rdllion acre BUCA or the 36 million acres of defcctc wilderness areas of 
\;»;^tern hational forest? The production of such gr»t quantities of carbon 
dioxicio^ and particulate n.atter that always .accompanies fot^eot burning oper?tions 
itot be tolerable in the future. \hyo can say that 10 years hence ther^ will 
not he rtra^tic restrictions on, or complete elimination cf, fire. as- a forest 
r. nnr:e!ionb tool, even for use with timber harvest. * , ' ^ 

N' contrvsut to the use of fire, logginv; or tiniber harvest can be conducted in an 
iiiCTt infinite variety of ways and with a broad range of equipment. 

TiMber hiirviist is a process that can be and must be applied to recreation Inr^Vs 
i-.Cj veil 3s to corihercial forest lands. ^/ithout this nifane^gement tool, the 
' rrj;urs of forested parks, '.'iiderness and other recreational areas have but one 
tool"' in their Lit: prescribed fire — with all of its recognized limitations and 
asjoclatcd hasardo—danger of -developing to catc atrophic proportions, 
ntMOspheric pollution, etc. (Frorr. Timber fiarvest: Reneuer or Destroyer. FrrinU 
j:aufort, Deun Fmeritus, College of Forestry, University of Minnesota. Tiwber 
gp^^^" * Producers ''ulletin, Dec. -Jan. , 1973.) X3 * 
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The U. r>. Forest Service, as on aid to planning, in 1972 placed the soils of the 
nV/CA into categories baaed on productivity and sensitivity to disturbance. 
These tyo attributes could then be combined into n composite land capability 
indev, defined as "an area's ability to support life (bioiot;ical productivily) 
and its ability to sustain, or heal itself from, externally- ir.iposec' 
disturbances." ^ 

In the productivity ratinp, which attempted to evaluate such properties" as 
fertility, water-holding capacity,, and depth to an impervious layer; about ?0 
percent of the soils of the BV/CA fell in the low productivity class while th-^- 
ren?ininc 10 percent fell in the moderate class. In the disturbance ratine, 
.which considers erodibility, stability, and compactibility, 90 pefcent of the 
soils were judged to have a hii^h sensitivity to disturbance,. 7 percent a 
model-ately hip;h sensitivity, and only 3 percent a rrodorate sensitivity to 
disturbance. 

The composite land capability index, described above, therefore placed 90. 
percent of the soils of the BV.'CA in the la; productivity class and the other 10 
percent in the moderate capability class. 

Eased on this information, I believe that the soils of the BIJCA are not well 
suited for sustained timber production in comparison to other soils in northern 
Minnesota. Wise land use suggests that intensive timber management activities 
should b,e limited to those better suited areas, while the DV.'CA should best be 
used for other purposes. (From Statement at hearings before the Mouse 
Subcotrmittee on National Parks and Insular Affairs. D. F. Griegal, Departments 
of Soil- Science and Forest Resources, University of Hinnesota, July 8, 1977. 
Ely, IT.) 

ECOHOMIC IMPACT OF PROHIBITIMG tlt^BER HARVEST • o n . i - 

Ho-w is th-- v/ood use industry affected by the E\.'CA controversy? The Portal conn 
of th" ni.'CA has been a significant source of softwood tinber (primarily jacl'pino 
chd spruce pulpv,food) since the early igiJO's. Fra.i 8 percent to 12 percent of 
the annual reqnireMvints of industry oMhese species came from the BV'CA. Umber 
cut in the BUCA-was primarily over-mature, olci-growth,^ and decadent stands. 
And, if not cut i;ithin the next 25 years\r so, much of that whi^h remains wilx 
be lost through insects, disease, and ^f^re. Current U.S. For^sst Service 
estijiiates for this annual loss total HO, OQp cords for softwoods alone. At r 
tine when using resources wisely is much on pfe<^le's n.inds, this waste would or 
repugnant to everyone. \ 

Put why can't industry get replacement wood f'or. the B\.'CA timber outside the 
B'"CA? • \ 

Tlie answer is that there is no extra annual allowable cut available outside the 
EWCA. . '"'X . 

'Federal, state and ' county timber in the 1 C .northeastern^ rdnnesota counties 
furnish tlie bulk of incjustry's v;ood needs. These agencies ^^e^ttme; U'-Air 
full annual allov/able cut of softwoods at this tine. \^ 

And. nrndintionn of 'mod r«quinrMcnts nnd avidlribi 1 ity by the yV '''f/^''' *t>'')'' 
that uo need all U-:^ coiiiaorcial forcstliind base wo now have. (Frqn: l orcstry 
P^u-res nrit Gf All, Tr-os. ' H. J. Latiuer, Blandin Paper ConpanV^ Umber 
Prvx icers CuUetin, Oct.-r'ov., 1977.) 

0 \ '(13 2 
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ir locpint, of the entire Portal Zone were permitted, the Forest Service 
c:tinidtes the annfifal allowable cut of »sof tv/oods at 45,000 cords or 5 percent of 
liinnesotaM softwood cut* Out the last statewide forest i:urvey shows a 274,000 
cord annual surplus of balsam outside the B\0, plus 'smaller surpluses of pine 
^.r.d spruce* Hifge areas of aspen, birch, and other hardwoods are also 
under-harvested, and the annual surplus of these species outside the BVJCA is 
more than a million cords— half the present statewide timber cut* 

These timber surpluses mean that small chan^f.cs in the species mix at the paper 
mills could easily cover any shortages of pine or spruce, ' . 

arguinj for DV'CA softwoods, the timber companies are really making a case for 
cutting the last virgin forests in the Portal Zone, because most good pine and 
cpruce forests in the BV/CA are in areas that have never been logged* But these 
virgin c.reas are protected by both tne Oberstar and Fraser bills so the real 
discussion in Congress centers on the previously-logged areas within Rep* 
Oberstar *s proposed National Recreation Area* f*uch of that area has been logged 
since Vtorld V/ar II and v;ill not contain merchantable timber for another 20 to 50 
years. 'The mature softwoods within the proposed tIRA are mostly mixed with aspen 
3nd birch, and Minnesota has millions of acres of similar forests outside the. 
?^'C/• The allowable annual cut ^ of softwoods from the proposed MRA is only 
21,000 cords, a mere one percent of 'Minnesota's state\;ide cut* 

The best \iay to provide for any needed extra softwoods in the next 10 to 20 
years is by accelerating good forestry on better lands outside the BV/CA and 
closer to the pulpmills* Minnesota has 16 million apres of productive forest 
IixlC outside the PV!CA and other reserves* V^ith good forestry, v?e can grow all 
our tiivber needs on half that area* (From flerpo on the Rl/CA Logging Issue* M* 
L, f^einsolman, retired from, the U.S* Forest Se*"Vice* friends of the Boundary 
raters lliiderness, Jan*, 1978.) 
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COPPER-MICKEL MINING IN MINNESOTA 




Grand 
Marais 



>uluth 



BWCA 



D Superior Forest 
O Duluth Gabbro 



by VJilliam JoUela, University of Minnesota 

Although there has been no mining within 
the BVICA and there is no immediate, threat 
to do so, exploratory work has been ancl is' 
currently being conducted in' the immediate 
area of the Boundary Waters. It is 
concern about those operations and thr 
potential for ■ full-scale mining 

development that makes copper-nickel 
mining a current issue. 

LOCATION' AMD EXTENT OF 
COPPER-NICKEL DEPOSITS 
Exploration for copper and nickel in 
northeastern Minnesota has centered on the 
rocks of the Duluth . Gabbro Complex, a 
large body - of basic igneous recks. 
Deposits of possible cormercial value are 
associated .with certain phases of the 
gabbro which are concentrated as smalj. 
bodies along the northern and western' edge 
of the Gabbro Complex (see map). Most of 
the area favorabld for prospecting 
(probably about 00 percent is outside the 
B'.JCA). . Exploration has indicated that 
even along this favorable basal contact 
•area only about 2 percent has possible 
conraercial potential. j 

Content of copper and .nickel in the 
mineable rock of the Gabbro Complex is 
quite low, about .5-. 8 percent. But the 
6.5 billion tons of mineralized ro~t 
(Minnesota Geological Survey estimate) 
contain an estimated 91 percent -of the 
identified resources of nickel in tno u.i?. 
and 10 to '10 percent of the identified 
resources of coppef*. 

PAST AND CURRENT MINING ACTIVITY 
Copper and nickel-bearing rock was 
discovered in 19'l8 during construction of 
a logging road near the South Kawishiwi 
River southeast of Ely. ExploratTon nas 
tak.en place, though somewhat sporndicnlly, 
since that time. Since the state's 
long-term leasing arrangements v.'crc 
established in 1966, several companies 
have aigncd mining leases for extensive 
.acreages" of state and federal lands 
outside the nVJ(^, o 
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In '1969 George St. Clair, a private prospector, attempted to drill on land 
uitliin the BUCA to which ho owned mineral^ rights. J!e. \;ae stopped by tho Forest 

trvice and in 1973 a permanent injunction v;af issued prohibiting Mining, in the 
CA. However, the *xlecision was appealed and reversed and c^ivn the Forest 
rvlce the authority to grant or refuse permits for ininirn operations. In 
76, Minnesota legislation banned mining, on state lands within the RVO. 



Recsrtt fining exploration has centered on 2 areas located just outsitie the DVJCA* 
Int3Vnational ' Hickel Conipany (IMCO) has done extensive cxplorduaon and bull: 
wOT^plYib 3t. a site southeast of Ely and submitted a proposal for ah open pit 
nine \e::t to the South Kawishiwi River about a ndle from th€U^WCA. The nining , 
operati«^n, including the open pit mine, i;ostcrock pile, Yean ore pile, and 
' tailin2s\ basin would cover about 5,000 acres. The Forest Service' encountered 
probflems A/ith the -company in developing an Environmental Impact Study and in 
1975 IHCO\ witlidrew its request for the proposed mine, reportedly to await a 
clarified Si^ate mininc policy and a more' favorable r;iCtals market. 

A /second exf\loration site is the MINMAMAX Project located just outside Eabbit 
abAut 2C mil^s south of the BVyCA. AllAX Canpany is currently sinking a V4-foot ^ 
dikietcr shaft '1700 feet deep to determine the extent and quality of " 
rdneralization. - Any eventual nining at the site would be done by ULder^round 
ncjthods* AHAX has been conducting extensive \;ater quality and other 

erlvironnuintal monitorinf/ in cooperation with governn:ental agencies. 

FmRONftnTAL COt^CERMS . * . ^ ^ 

fining of tlio copper-nickel sulfite pre in northeaster! Tinncsota requires a 
cLriec of operations— exploratory drilling^ excavation, and construction of 
njininn facilities, stockpiling of waste and lean ore, construction of a water 
joncrvoir, and several processes to concentrate the la; prade rock. 

ror.oritial sources of polluted waters from a minir^*, operation .inelude 
contarination of water used in procei^ing, escape of water froir taiMngs 
dir.pcstil ^itec, and contaminated runoff or seeptiije fror waste rock duiups dr lean 
ore I iie:^. *nie volume of water removed Prom the surface of ground waters of the 
\.otcrshei! would depend on the number and size of operations and the technology 
i4scd, Hut withdrawal of significant volumes of -v/ater could potentially £ff.ect 
wcitrr levels and concentration of pollutants. 

'"ispusc*! of solid wlistcs poses a problem. In underground ;.aninr: a large iX)rtlon 

* i f tht \;aste 'can he redepositecl undepgrpund, but in open pit mining;, ^11 tailin;:s 
...ust le ueposi.ted on the surface iri^/S8Wition to overburden, wastcrcck, and lean / 
ere. Dust from blastinc, crushing, ' and hauling operations and from unstabili7.ed 
tr.ilings sites can cause air pollution. 

If ::opp*;r-nicKcl mining i*s undertaken near the BUCA, a snollin^ plant r.ay or may 
i\ct bo built .in the immediate vicinity. Such plans have been proposed in the 
^o»-t. 'licrevcr a smelter is located, it poses the following problems: 
c i:.cior of sulphur dioxidl*gas, causing injury or death to intolerant spboles 
^ rucli \i vUitc pine and lichens^ acidification of r:*in with subsequent dsn^ago to 
ccusislenis da;nwind, pr.d heavy metal contamination of dowril^ind soils and 
dowr.strca;.. waters. In recent years advances have been made in anti-pollution 

* technology 'of smelters so it* is difficult to predict the level of pollution to , 
Ic expected from th6be sources. 

^ Reriionni <;opper-fIickel Ctgdy, initiated and organized by the Minnesota 
O rnviron'iontal Ouality Dourd, . is currently being cohductud in liortheastern '0 
ER^C ItinnocotCi. The objectives of the study are to characterize the region as it 



presently osista, ir. ti-.s. ;.bGence of mining deveJ.opr ent , oix tc j.csjoS thu 
Dotentinl iupact, eiwiron.u.n'csl, sociftl, at.vi econoric, of vc:rinuf l:fvjlc- of 
coppcr-niolr.-'l c'-evslopr.crit. Haaultc of the stud;/ .';re to b-j uso-J by ti.o 
lecioiatur'i and other ^ct^tc EC',finpi<-"i5 to develop r corprchti.siv: policy for 
mining, dcvclopr-c:it ir; 'tlu '.rcn. Osr.idctioii c>f Ux at-udi' c-pictt-: .nrly 
1979. ' '■ ' . . 

pf.ffp.e:'ces— coppf-n-riicKCL wiviro " * * ■ 

Anderson, L. C. The Coppcr-Jliolcol Co.U.rcvor.7. l^inncsct- Volunteer, 

{.•ov.-noc. 197?, '^--S?. 
Chcsney, S., A.-?jlasi:i, iir.cl J. llencon. Coppur-I'lcKcl llinin; and r-it-ncbcti 

Mlderr.ess. MPIHC C'innosotc Putlic Interest Hesecrdi Group), 

Uh' a'nn, f-:."'::? Co'ppcM-."ic::cl ::irarc in !:inncsct3— Case fticiy in ti.c fcr 
responsible Envirciu-.iental Dcci3ionr.U:!:inn. "ilclcrr.o^s '"cws. '..'iRt:r 

l.'iic'err.tisr. Troosurc. facursiist. C-u.x..er/.1uui;nnr; 197'' (entire issue)-. 
Cor/.H->r-i:icl:ol in !'iiinscoti.. .''aturali'st.. Autunr f^rit^r K7'^ (sr.tire Iwue) . 
In Institute or. tlx- ?.cu\,c.tr\' '.'aterc- Canoe ^/.rcc. - Tho ^li-tico-JiivciJio:" 
Fou'ndcCtion : ' [ 

:-'6lcolr., J. f.. Tlic :'.!!:?!/;! I'xX Exploration Project'. ' " ' ' 
?.'G."Json, D. i:. Coppcr-fickel I'iUir.z in. the South IVviishiv.-i Dr^inice— 
• I'ould It ■Jsi.Kii.s th£ r.'.'CA? i 



VsDderwilien, E." "Action Plan" Superior i:alioric.l Forv-;.',t tnvironr 
:'tctcnicnt vitu Teirjct the PXO ::inin: Proposal. 



PDLIOGHAPt'Y ' ] 

The "nvironnentcl Consorvrtion f^ihrary (ECa) ir. "irar.-irolis h^ lcr,7.<i 
collection of books, studios, res^srch reports, inviroi:rcntf 1 ' ii;:p;'ct 
sssissmcnts, par.;phlcts, Fc-ioral court decicfions, .m' periodiecls rclcfinj to the 
r.ouro3ry "gters C^r.oo Ar.-;c.. 'Hie list is too lor.?; to include in this n.?rslotter. 
Parsor.r. interested in tht- kCOL bibliocriphy on the P'tA d-o^C request v.: copy of 
CCOL V.V:h, Vol. 3, :'o; n, February, 1976, frur "rvir!.!! riittl Conprrvstior 
Library, 3.00 I'icollet Hail, Ilinpeapolis, :'!! 55'Jei 



ntal 



of 



ECOL nw hos the follou'in;. iters \.iilch nre not listed in the 1976 bihlioorophy. 

"Confusion at Poui«)nry '":jters Canpe .Arcs" by Dean Hebuffoni in !:.'V.ionc.l PsrUs 
jnd CoVserVution l'^i.txzii^(i, January 1977, p. 12. 
'■ "Crisis in the cor.oe country" by lliron L. Veinselr-OT in The Livinc "ilderr.css. 
Jar ./'-or. 1977, p. I 'i. 
"In canoo country" by!'. I'riGht, Jr., in I'ot !'an Apr.rt, t r^y 1977, p-. ^. ■ 
"riorth country forests yOts siy.-i.or.th reprieve" in I'ationvl ?:;rl:s . Ccr.scr- 
vatior. "sc^xine, IJprch 197(, p. 2'C'. ...... 

"Outdoor An.orica update:, boundary \'«tcrs Cfince Ar^-a" in Ci;5t:'oor r\'icrico, 
^ Juiu-July 1977, 'P. If:. ' 

* "Pr-ssionute suitors for a -..-ii;. psriidis'." by '.'illiar. 0. Johnson, in Sports 
I}lustr£:ted, Oct. 10, 1977, p. 5C. ' • 
"I'e iii:e it uiid" in Ilcuion..! Pnfk.-; * Ccniicrvotion llatasinu, Oct. i07.7, p. c-t^. 
'"-.Ivin ti.e wilderness c^ts crowded . . . ?" by Duvid L.if« in "c.tUrcdist, 
"inter 

1977, ''o. '!,;.. 1. ■ ■ , _ 

Coiit..nui«'»t cQvor;.<x '^f falor?.! ie-islEition can be round i.i Lrxiitor,. a¥ 
Co' . rvotlon . Tfi-ort (J'ation.-l I'i'Jillife Moderation), fieira^Club ?!;itxoncl ■ ews 
Po- ;rt, ai..: lllderiej;^ Pf-ixjrt (\:il(})>tTess r-ociety). 

ERiC '"'^"'^ orG.ar.iZKtlon^. which p/ s^plf infon.sation on-P'TA issuer: 
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Tpunclary '.'aters Conservation Alliance 

22 Phoispix Building 

Duluth, I'inrtSsbta 55802 ■> . 

Phone (2ir) 727-2935 ' . . 

i-'innesota Foreol Industries Information Corxiilteo 
200 Christie Building 

Dulutl.^, Minnesota 55802 . , , ' 

Phono .(218) "722-5013 

Fritinds- of the Boundary V^aters Wilderness 
P.O. Dox 9o 
Anoka,. f!M 55303 
(61?) '127-1 POO 

P.O. Dox'sf) • ' ' " 

Duluth, iH! 55201 * , 

(213) 525=5018 




•El.'C; SLIIiE SHOiyiALi: ' ' , 

Th.v- >i:inneiiota Forest Industrie^ ' Inforaation Con-iittee has a BVfCA slide/talk 
oha . . A rtorcscnt'abive of the organization, is available to present the show or 
Vs/jy can lend the slido/tspe set (20 i;.inutos pf tape) . For nor^ information 
contact the I'innesota Forest Industries Information Corraiittee^ 200 Christie 



EuMding, Duluth, -.'V 55802^; Phone (218)^722-5013. 
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STUDK'T fiATERIALS 
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JASiLA.:., BACKGROUNPtaNFQRMATJQN 



^Individual Activity^ 



CO 



'Read the following information on the Boundary Waters 
Canoe Area. A bill is being .drafted in Congress to 
determine whether the BWCA will be (1) a wilderness 
region only or (2) open for both recreation and 
{^wilderness (called multiple use). Your Senator 
is seeking input from local interest groups to 
^letermine how the area should be used. Below is 
some important Information about the BWCA that 
you will need. Underline the parts that you think 
are most important; 



THE BOUNDARY WATERS CANOE AREA 

The Boundary Waters Ganoe Area, 
located in . northeastern Minnesota, 
is^ the largest National Wilderness 
Area east of the Rocky Mountains— 
slightly over 1 million acres in 
size* As a vast area of inter- 
connecting waterways, amidst 
virgin conifer forests, it is our 
only lakeland wilderness and 
unique in the National Wilderness 
System. It stretches for more 
than 100 miles along the 
Minnesota-Ontario border and 
supports unique northern fish 
and wildlife populations. 
Together with its sister area 
the million acre Quetico 

. Provincial .Park in Ontario, 

\ where ail logging and most 

1 motorized recreational uses 

lare already prohibited,, these two are 
finest wilderness regions on xrhe cont 

— Friends of th 




.Snowbank Lake lies on the southern bo 
' area. For this reason, the northern 
within the Boundary' Ka,ters Canoe Area 
of the lake does not lie within the w 
three large resorts on this - southern 
canoe area are not allowed. 



as comprise one of the 
inenti, 

e Boundary Waters Wilderness 

undary of the wilderness 
portion of the lake lies 

and the southern portion 
ilderness area. There are 
shore, ^^esorts in the 



ERIC 



The north and west sides of the lake contain large areas of 
valuable Limber. Since these areas are within the wilderness 
area, cutting of the timber is strictly regu3.ated. 

The western side of uhe lake lies along the Duluth Gabb^ro 
rock formation which stretches from Duluth in the south to 
north of Grand Marais. Mining south of the Boundary Waters 
Canpe 'Area has shown this rock formation to be rich in 
copper and nickel deposits. 
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TAS.K.B.: ANALYSIS. 



.1 n d i V idual , o r Small 
Group Activity 



CO 



Read the information sheets on THE WILDERNESS ACT and 
on MULTIPLE USE. Your task is to think of as many 
advantages and disadvantages of making the Boundary 
Waters Canoe Area a wilderness area or a multiple , 
use area.'. 



WILDERNESS 



ADVANTAGES 



TO PEOPLE 



MULTIPLE USE 



ADVANT'AGES 



TO PEOPLE 



TO NATURE 



yO NATURE 



.disadvant;'.ges 



TO people 



D IS advantages 

TO PEOPLE. 



TO nature 



TO NATURE 
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mE WILDERNESS ACT 



The Wilderness Act defines a wilderness as an area: 
"Where the earth and its coininunity of life are untrammeled 
by man^ where man himself is a visitor who does not remain, 
retaining its primeval character, managed jto preserve its 
natural conditions , — where the imprint of man's work is 
substantially unnoticeable. " 

. The* fnain piirpose of the JWilderriess' Act is to -set' . 
aside large areas of land to remain as natural as possible • 
This limits activities of human within the Wilderness Area 
so that they don't change the natural state o£ the region • 

V Specifically, the following activities are prohibited 
wi^thin a Wilderness Area: 

1. Commercial timber harvesting and administrative 
cutting of timber to manipulate vegetation; 

2. Recreational use of motorboats and snowmobiles? 
- and 

3. . Mineral exploration and mining. 

NOTE: Certain exceptions have been jnade in this act 
as it applies to the Boundary Waters Canoe Area. ' These 
exceptions are at the center of the controversy regarding 
the area. On Many BWCA lakes, motorboating is allowed, 
but with motors of limited size (usually 10 hp on small 
lakes and 25 hp on some larger lakes) . Also lumbering is 
allowed in specific regions for forest management. Mining 
^and snowmobiling are not allowed at this time. 



/ 
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MULTIPLE USE 



- -Multiple- Use is . leased upon a congressional bill 
proposed by Congressman James Oberstar. In this bill, 
tbe BWCA would be divided into two areas, the Boundary . 
Waters V?ilderness .and the National Recreational Area. 

Within the .Wilderness Area,, timber ^harvesting, motor 
boating, -and snowmobiling would be prohibited. . Also . 
prohibited would be mineral exploration and mining. 

The National Recreational Area would allow boats ^ 
of limited size (10 td 25 hp), snowmobiling on 
specially designated routes, and limited logging, 

The Boundary Waters. Wilderness Area would 
make up about 2/3rds of the present wilderness area 
and the National Recreational Area would make up about 
l/3rd of the present wilderness area. 



• 
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TASK C: STRATEGY SESSION 



Sraall Group Activity 



CO 



(1) . Meet with your assigned group. 

(2) . Carefully read your group assignments 

(3) . Answer the following questions. 



!• What is our position on the issue of use of the BWCA? 



2. What s.upport do we have from the Wilderness Act or 
from the Multiple Use Bill? 



3. What qu.estions .do we still haVe? 



4. What additional information do we need? 



CO 



After you have filled* out these two parts, you 
may look at the DATA SHEETS. These give some 
additional informatidn which might be useful 
in preparing your recotranendations. After you 
have read the ^dXTA SHEETS, make a list of 
some of the recommendations that you would 
make to the committee. 



RECOMMENDATIONS 
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TASK C - PAGE "2: STRATEGY SESSIONr cont; 



Look at your list of recoinmendations and think about 
what effect each recommendation would haye ON PEOPLE 
and ON NATURE* When ybu do- this you are making 
an ENVIROIJMENTAL IMPACT STATEMENT. This is a 
careful study of the effects of a bill oh the 
environment and is very important to the 
senate advisory committee. 



RECOMMENDATION ' ' EFFECT ON PEOPLE ^ EFFECT ON NATUR E 

— — ~ 1 



CO. 



CO 



Develop youif final presentation. You must follow 

these rules. , ' 

(1) . The presentation cannot be longer than five 

minutes. 

(2) . You mu^t have a visual display such as a land use 

map drawing as a part of your presentation. 

(3) . More than one person, in your group must 

help in the presentation. 
Think carefully about how you want to present the 
information. It might be helpful fpr you to 
.outline your presentation below. Finally, 
PKACTICE YOUR PRESENTATION. 



YOUR RECOMMENDATIONS 
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TASK C — _PART^.2: SENATE ADVISORY^ COMMITTEE Sma^ll Group Activity 



CO. 



You represent the decision-making body which will 
present a report to |:he United States Senate upon 
which legislation will be drafted to determine how 
the Boundary Waters Canoe Area will be used» In the 
next 20 minutes you are to: 

(!)• Elect a chairperson to* call the groups and 
chair ,the board meetings, 

(2), .Determine a plan for evaluating each presentation 
and the points that they make. You may wish 
to use the following form. U^at' points 
Wi^ri you look for? .What sort of evidence 
will you need to make a decision? As an\ 
example, you might ask if the groups 'consiclered 
the effects of their recommendations on 
people and, on nature. 



SOME POINTS TO LOOK FOR 



CO 



(30l» Decide upon some method for keeping track of 
the Information that is presented to you 
and the points that each group make. You 
might like to use the following form. 



PRESENTATION 



GOOD ^POINTS 



V 
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DEBRIEFING: THINKING ABOUT YOUR GROUP ACTIVITIES. 



1 

2 



Individual and' Large 
Grocp Activity 



CO 
<5C 



You have just finished, working with several other people on 
a presentation to a senate advisory committee* Think 
about your 'activities for the last several days and 
then answer, the questions listed below\ ^ ^ 



Did your group worK as a team? 



Did some people dominate the discussion? 
not? - ^ 



Why or . why 



3, bid your .group take the. activity seriously?. 

Why or why not? . : 



4. What did you learn from this activity? — 



TKinKing about the Boundary Waters Canoe Area Case Study | 



What additional data would you have liked to have had 
for your group? 1: — 



2. How do you feel about. the decision made by the Senate 

A . • , ■ 

• Advisory Gommittee? Do you feel that they were 

fair? : : 



• . 146 
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GROUP ASSIG{!l!Ei!T~RESOP.T O'JriER 



VPi\E: Richard and llarion Johnson 
AGE: 48 and '15 ,.,,«! 

OCCUPATIGN: Resort amer— The Snowbank Lodge ■ ^ ^, „u^^rir.,^n 
MinCELLAHEOUS: Three children, ages 25,. 23, and 20. The oldest tvx- children 
help run the lodge. . ^ 

You are the o-.iner of the Sna.-bank Lodge, a resort on the south shore oY^wbanlc 
Lake. Th!s rfso^t vas first started by yolar parents in 1C535 and was p^eo on 
t(5~-Voa — iTi I960 v;hen~70ur-parents~retired-to-Flot=-ida.- Both- you, anu ycjpr wj-ie 
have run the resort since then. For the past 5 years, your two oldest sons have 
alio helped to run the resort, and you hope to turn the resort over to them x;hen 
you retire. 

The recort is composed of a large -central lodge with dininjr areas, a lieneral 
stor/ ind an outfitting shop whidh provides carping, fishinr. and canoeing 
2 Sl^ient for people wishing to use the Boundary Haters Canoe Area You are one 
of the major outfitters for canoe trips in the ai^ea and, about 50. o/ yo.r 
bysiness comes Crom this source. 

There 'are also U cabins on the property and your family home. The cabins 
'generally provide weelc-long lodging during the sur.mer and weckenc looping duri., 
the winter. They each have two bedrooms and a small kitchun. About 50^ of your 
business- ccraes from renting those cabins. . 

vou'are interested in seeing the recreational uses of the region ex pandcd/ 
O^torboatiSg, snownobiling, camping), sinc^ that would mean nore busim^^^^^^^ 
you. You would not like to jee the area declared a wilderness bcQ9 se it uoulu 
Lerely cut down your""business (especially during the winter) and ^ighl even 
pur you out of business. You also would not like to see widespread rraninr and 
Sber?ng because that v;ould destroy the natural beauty and the fishing that 
your tourists come to sec. 
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Vr.".:/ 'Mi'iO /.bbott 
AC^i .53 

OpCl'PATIon: V.iner for Interntitionr:! MicUol Corpany (IMCO) 
)ilSCF,LLi\!'r.OUS: [Carried with children ages 2?, 25, 20, ar.U 17. 

You arc a miner Kith the International llicUel Company crtJ have been eruploy<r^ by 
them for 2f> years, - You supervise strip r.inins operations at the IIICO nine just 
scutu of the boundary u^aters" c?.rea. 

The fortheastcrn jlinncsota aro£ ^^c^o jiie potential fot\ being one of the larfjcst ^ 
sources of nicReT in tReTTnitecl States. Currently, the \L S . ii;;ports much of its 
nicltel- fror;i CanacUi. 

Tininc is important to the econojny of I^orthessterr .Minnesota . Thirty-three 
percent cf the people in tluo regiqn receive their incoi.;^ fror:: rininr;. Many of 
your fri.unc!s as \/oll as your o>/n far^ily depend on the nining industry for a 
living.* » ^ ' • 

Kcccnuly rinl.it, in areas outside of the ?.oundary Vaters Area has been declining 
!>ecaus<- the cost is becc^ing too great to continue h.ininr. at the depths 
required. There are ruiors that there will be widespread- layoffs if something 
is not done. 

rurins the last yer^r, rineral exploration along the periphery of the boundary ' 
'.'ater Car.oe Area h:.ive, ^^i\'ct\ indications that there lujy be r;ajor mineral deposits 
within the limits of t!.e Doundary ^'atc^s Canoe Area. 

'^ou nre ar.xious to sec :"inenJ explorntxcn' expjn'ded include the Coundary 
Vrtcr Kocion cinc^^ it \;oulci roan an expanded job market, t;s well as a Inrse 
influK of iicncy into the ref.fon. In addition, increased nininc \:ould reduce the 
oGi^audence upon ^reicai sources of nickel* 

\ • 

\ 
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pnOUP ASSIGtiJiEflT— TIUPER \ , ' - ' 

rfAI'E: John Carlson 
AGE: m ■ 

OCGUPATICIh- Owner g SMcdl lumber compony \ 
f'ISCELLAHFOUS: Harried, two children ag.es 15 ahc! 12. 

You own a sriDll lurnberinc cor.;p2ny operatiiie outs^ide of the noundcry -'atc-n; Arer,. 
You are iptercGted in oipsncinc your operatioi?. to include the rcunc'".ry I'ptorc 
CanoG Recior. around Snovibanl-: Laice. ■ ■ \ " ; , 

You have a college dejiree in forest managor.ient and ere familiar with moderr. 
tccViniques of t!;ar.a(jGr..Gnt . You realize that tlie Boundary VJatgrs ragion hi.s, 




d« 

types 

boundary waters ore<i ■•..•as bUrncd off each year. . . . ^ 

Va4 \\zt the fires are. controlled, trees that c.fo^: better in shady areas sucb 
balsam} fir, spruce, ar.d •^iKite cedar are growin,-; and cho'.anr. out the trceu tr.at 
need more liGht such as pine, aspen, and birch. 



Three oritioni exist," First, nothing can be done and the shade tolerant trees 
can overtake tho area. This is v\&t uould happen under the IJilderness Aot. 
second option would bo to introduce controlled firt:s such as wculci have 
naturally taken place. The third option is the one thai you uould prefer. 
Under this option, lur.berinb •:ouid be allo-.v-ed to clear out the unaosi»*hbls 
species.^ -This •way the lumber' would not be destroyed l:y fire, but u-ould 1-e 
available for the housing market, heatinj',, stc. ^ 



\ 
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•<:poiir ;;.xir^n'':iT~ncci^s/.TiorAL user - 

r/J*":: "ill arTd : ar7 Tl^or.ipson 

OCCUPATIO!': Oao station o\/ncr, i;innoapolis 
:'ISCELLA[T'X511S: Three children, ages 17, 15 P-nd 12. ^ ^ 

'»'ou' ore 0 frcc;jent ur>or of the Boundary I'aters re^^^ion and the surrounding 
Tu^etrior **aticn;.il Foroct. "ach au:iv.er Vour faraily i^ents a cabin at tl^e Snoy/bank 
Lod£,^ for a u'cc^: of cr'^oeint, and fishinj in t\\v Toundary Waters Area. You 
really^ enjoy the peace c'nd quiet of the lakec,. but you also enjoy the 
rocre^tiocd cpj^opturiitiCG that th.e area offers such ;:S pov/erboating, water 
cLiin,i;, end 3nov;;;iobilin{^, and you v/ould like to see the BV;CA area make 
provisions so th.at at least a portion of the area would be available for 
recreational use. You feel that if the recreational use of the area was 
e:tpandcd, then i.jore people would use the P.oundary IJator ^/'rea. Being a business 
man, you recognize th.at this would brinr; a lot more money into th.Q are?. 

You v/ould support a j^rof^rai. to open a portion of the Ph'CA (those lakes, such as 
Cno\;bank \Jhich are on the border, os vjoll as a feu larger Icikes in the interior 
of the P'.'CA) tc recreational use which -./ould cllo\/ poi;erboots, sno\/nobiles, and 
perhaps even some lodges. The rei.:ainder of the !3rCA would be reserved as a 
vjiiderness \Jhere v*otorized vehicles would not be allowed. 




-141- 



' GROUP 'A5??J0Hnn;T—l<fIVIR0M!iEMTAL GROUP 

NAME:. Susan Edwards / , 
AGE: 28 

OCCUPATION: President, Save Th?. h'ild,erness League 
r'ISCELLAMODUS: flarried, two childreil ages 5 and 7 



the 
who 



'Save . J:he l*ildernc-ss Loccue. 
are interested in sceir.g that 



Tliis 



th« r;\*C/: 



<'5n 
is 



Your are the president of 

orsar.ization of individuals , ^ - m.v 

preserved as a v.-ilderness. You have members from all over the r-tate, hu. 
chiefly your members tend to coiri either from the Ti.'in Cities netropoiit£.n area 
or froni I'.E Minnesota. You hai/e been very active lobbying \:ith cone:ressior3l 
leaders froir, the state ss well as /With the state senators. 

^Sii^y, -^yxjiiwould like to sdL the BUCA region preserved as a v.-ildorness area 
accbrding to "th^ I'ilderness/ Act. You would prohibit rrotoi-boat-i-ng ar.d 
snownobiling because of their danaeing effects on thx cnvironnent. ^ou vjould 
also prohibit mining" and lurnhcrint; because these activities., even when t on- wi..i 
the best sort of r/.&nageuient in mind, still alter tl.G natural state oi tni lane, 
vbu probably would like to prohibit any cainping or boating m the rer.ion, ouo 
you realize that this is unrealistic. You do, however, propose severe 
'•imitations on the mimber of people who will be allowed in the area at any one 
tiuie, and a lindt on! the len^ith of time that they can remain in the re-ion. In 
order to enter th.e P''C/. you v.-ould need a permit fro-.-i the State Peparf.-.'ent 
^'atural Resources. 

You strcncly oppose iny pttenpt to designrlte any portion of the n^'CA as a 
recreational area which would allow itiotorised boats or snc^nrobiles :-:ince this lo 
the only lakeland wilderness. , • 

\ 



\ 
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Data Shsot 

Tlu^:u':,hoi:t history, forests have naturally been r:nna[:ec! by li^iilnirn: fires. It 
ia c3tL%iuted Ib.at IT of the HVCA burned every year, Ifithout some sort of 
!)urninj^,, poorer quality trees v/hich ccn grow in the shady, ovcrcrov/ded forests 
tfsMd to t^.lce over the V-etter quality trees which rjeed lots cf light. There are 
three u;)y£ to bandle tl'.is: 

K Do not>.ino. Let the nriturrd prcccoS take over and let the shady trees 
uverprcu tl:e better quality trees, hut rot interfere v-/ith the "natural process. 

?♦ Controlled fires. Cet fires in a controlled manner to burn off certain 
treec ♦ 

3* Controlled lumherinj;;. Th:: inanageraont of forer^ts through the cutting; of 
specific rtiCicn'-i and the careful replanting; of hijli cuality trees. 

"hile controlled lumberin^^ is lesG v/actcful thc*n controlled fires, it also 
rewve: nutrients fror the soil that v/ould be returned to the soil by the 
burning or decay of the tree:3. Over a period of tine this may renr;Ovc so many , 
nutrients fron the soil ^that the- soil \/ill no longer bo ^^blc to support the 
growth 6f trees. ^ 

^rr;.. of the state's annual softwood timber conies fror.i the BVJCA. 

. Tuch of the tii*:ber cut in Uie FV/CA is primarily over^n;ature, old growth, v;hich, 
' if not cut, v/oulcl decay in 25 years or so or be lost^thrcuf.h insects, ,disease 
\ iind fire. 

Tile i^S. For-e:.t Service cstiti.ates r.n annual national lo^ tctallin(^ 40,000 cords 
for 5oft';oods alone. 

Atout SH'^^ of thvi nVCA vas lortned before 1900. 
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_ Data J^heet 
SCIEMCE 

The lakes in the B\'CA were fonr-Gc3 by the action of Glaciers, The r.l'-«ciers actsd 
like giar.t scrubbing brushes ond removed the tppsoil, ler.virc a r.srd-roc. 'a.-c 
botton;. This type: of lake can easily bo dainaeed by acia r<:.in. ir, tacu, zac- 
BVCts is considered one of the prime targets for acid ram dainaEC. I" 
Adirondack llountsins of ['Y, nearly half of the laUeo no loni^r l-'^ve fish becauo. 
of the acid in their v.ater. P.efininc the r,K!ts=ls releases gases ii.uO the ..ir . 
which canbine with rain to fenii t!ie :icid. 

There is no scientific evidence as to the environmental effects of snovn obilinf. 
There is some feelinG tliot the snoinAobiles interfere v.-ich the nesting of e^r'l«^^ 
in February and i'arch. 

In order to maintain a healthy forest, some process i.aist take place for thinning 
out the rrowtl' of trees. Host coraionly, tliis h.as happened naturally through 
li<--hlninE nres, but v/iti. iroproved firefightinc techniques, u'idespread fires are 
not as-cLnon. -Vor thds reason, if, tjood quality trees ar. tu survive in t!-.e 
Bi'CA it will be necessary to either Jdlow the natural process of ii,-.huni!.L .0 0 
on ti loG the area, or to set controlled fires, nurnin.;^ and natural decay of 
th4 tinjber returns the nutrients to the soil— luwberinc does not. 
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^ , Data ShSGt 

GEOGRAPI'Y Af!D PAPILITI 

vr Tj!-: "''CA 

MuMbor of L?i:es 1 ,060 

Ar«it of Lakfts (Acres) 157,676 

, Area of Lnr.d . 872,013 

TOTAL Pl'DLIC L.A:I1>S I." STATE Or HIllMESOTA 

Federal Cwnership ■ 3,200,000 

S'ate Cii.'ncTohip 5,000,000 

„ County Oijnership 3,000,000 
CA?5PI!!G FACILITIES 

In the BV'CA 2005 Car.-psites 
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Data Sheet 
FEELIHGS. 

In a survey of individuals usim: the El.'C.A, nearly half of the .lotorboators C'-id 
that it wouldn't instter to thei.i how many other groups they ixt in a day. 
Haievor, only thirteen percent of the canoeists felt that way. Minety-tliree 
percent of the paddle car.oeists preferred not to meet any r.;otorized boats per 
day, but only lOf. of .the paddling group preferred to meet no other pc:ddlo ^ 
• "canoes. 

*Me consider the BUCA to be a priceless national heritaf^e for all to use and 
•enjoy . , . for now as well as future fenerations. It can continue to be if 
conipoter;t'&nd fair i..anaae->ont policies are established anc' followed." 
— Cly, IV nia-.ber of Ccinriercc 

"The wildcrnoss, or what wo csll the wilderness, cannot be recreated. Once 
gone, it is gone for all time. It u-ss an arcunent offered years aco m many 
parts of the country, and effectively ignored or evaded cr ."rrocantly crushed 
until new /there is only a frail rer.,nant left. And there is no other place for 
toe' canoeist like tl.o foundary Uaters of Northern iannescta. They core -.y tut 
battalions sor.ietii.iei, in the sunwer. Hut slr..ost invariably th.c-y leave tie canoe 
country batter for the experience." 
— Jir.i Klobt:char, ilarch 27, 1978 
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Data Sl-ieet 
ECOMOrsICS 

Percent of Payroll in Priirr.ry IndustrioiJ 

Tiu,L^r ' 2? 

Lod[jinp;/outfittin(3 If 

(This ropreo'-nts thi. percent cf the people in i;^; Ilinnccotc^ ;:hc have jobs in 
thc;5<; three areas.) 

Cor'^parison of Tourisin in Vc J'innesota with notorized Use of BJCA 
n'CA ;!otor use 

by Tourists Total Tourism- Percent 

^5,000 2,500,000 (sunincr) 3? 

Impact of rotor Restrictions on Resorts 

J'ui.^bors of Lodging Est. in VT. Vim 

Xocels I^.esorts Affected by motor ban 

Ifo 297 > ^7 

\1\o Use::* the BUCA (Fiisure:-; f rom 1975) 

Pciddle canoes 2;i,227 - 

Colors, oanqes I: fishin-; boats 15,^^17 

liil.inr 1,09£ 
SUiinf and snowshooin? S32 

^ SnajuObilinr ^ * 2,116 

"OTf: snowcobilinf, v/as banned in winter of 1576-1977 
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Dati\ Sheet , \^ - 

PRO m coil: SiJOVlHODILFS \ 

1. A snowmobile ban keeps many lakes out of reach of dciy use fis^.ermon* 
Pj. Sno^/raobiles pack cross country ski ^trails, my!:in.r it easier for the 

ftovice and n^oderately acccnpli^:hed skier to enjoy ':he aroa, \ 
3. Snovjinoblles are ar. important asset to rescue operations for lore or 

injured skiers. \ 
k. Sncr.;mobilers are major users of the area; it niakes little sense to shU' 

off this use \;hen it conflicts v;ith only a very small nur^.ber of\ 

non-mechanized users. \ 
5. Snov;nobiles do not. have a hamful effect on the physical onvirorir-^tit 

because they run alu:ost exclusively on Ipke surfacoc. anc^ do not usuall: 

involve camping. 

CON: ' / 

1. The BUCA lake trout fishery is already seriously overfished and c?^nnot 
withstand any additional* winter pressure. ' 

2. Snowmobiles do pack trails, but their surfaces often int'>rfer£ with sic 
trav.el. 'filderness travellers prefer to brea!< their oun trails anc' fiJ 
snowmobile encounters unacceptable. * ' \ 

3. The use of snov;r,iobilcs for rescue uori: \;ould not be prohibited by new- 
legislation. \ 

i}. There is significant non-niochanized winter use ond V)U: use ii\ Qrox-rhx. 

5. The evidence on the effect of snov.T.iobilcs on tl;e environnent is 
inconclusive; they do interfere with the nesting of (^?rUe:; in late ; 
February and tiarch. 

6. There are r.'iore ti;an 6,000 riles of snouauobile trails outside the PV'CA 
in Minnesota, while the IVCk is. the only sicnificant \'inter \jildcrness 
in the !iidv;est. ♦ 
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c;'f|jnrj''|' P^r/POfT TEST 

1. The sizo of tl-je Hounriary/'ators Canoe ^/\rea is sli^jitly over 

ri, one I;alf rillicn acres 
fc, one mill ion acres 

tLr(;-^ »':illion cjcres 

tcr* I ill ion acres ► 

Tl^r^ruotico Provincial Par^^ 

r:, ^lS6 in Ontario, Canada 

pruhlbits all logGir.;^ and most notorized r^ecreational use 
c. is one million acres in area 
(L Dll of the above 

*3* The ^uhiVr Cnbbro 

a* is -d^- rock foraaticn rich in nickel anc; copper 

is D rocion of the El'C/t containing chiefly oak trees 
. c, Coc: not ;o t!:roiJr:h the H^O 

IS t::o oldest reck fonuaticn in Minnesota 

The J.:.' jor purpose of the \'ildorneSs^> Act is 

to r^educo iX>llution across the nation 
to/:et aside nc;turnl voreas to rerriain unchcnf.eO 
t(^ provi^Io rcG'^rvon for dangerous v;ild anjmals 
i\ to provide ro^creaticnal areas for uotorboatinu 

\ Th*. iioot it^portant difference* betv/ccn tlie I'ilderrv'^ss Act r.nd the Multiple 
Act is 

tie re:^ulat.ion about hunting 

b, th:* r*JF.ulation about fishinr, 

c* t:J' rc^,ulotion about r»iotorboabinj and snowniobilinf, 

c\ t'.t r%u]Mtion about how r riny people can use the area . 

5, Tno ! ultiple Use Act does not 

'J. tilioM r.iot^rtoatinf^ « 

I. :dl'>v' i;no\iMobilinG 

0, ' llov lininn 

\ ^llow tiPXor hc:rvestinc 

7, ich cf i; / folloinn^, in n \;r.y of { c ^Dgine forests? 

: • fir ^ 

* p.^ritici'lec 
strip r^^ininc 



u. 1 11 cif th^^ :jbove 
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All or the- follov/inii ore advantnges of al^iwinG ano'.'r.iobilirs: EXCEPT 

a. - they pack cross country si:i troils 

b. they aid in rescue oper-ations- ~ 

c. they alia-/ for- winter fi^ihine 

d. they brine people to the arer during the Kxnter off-season 

Vnidch of the foliowinc i!'.c!ustrir.i:. provides the hirhe:;t r ^Tccnt're of U.c' 
payroll in f'E ;:inna?3otfj? 

a. timber • 

b. mining 

c. lodcing 

d. outfitting 

IJhich of the following is a disadvantage to ncture of timber harvostin-? 

a. undesirable shads resistant trees are removed 

b. roads are built to allow equiprnent to carry trse.s to i.arket 

c. ,nevV trees are [.-lantod .where old trees hav?--" beer, cr.t ro\n\ 

d. all of the above 
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Schedule : 



ACID PRECIPITATION CONTROVERSY 



Meet with your partner and plan how to argue effectively for 
your position. Make suije you and your partner have mastered 
as much of the position las possible. 



Each pair presents theig position . Be forceful and persuasive , 
in presenting your positjion. Take notes and clarify anything 
you do not understand whjen the opposing pair presents their 
position. 



Open discussion . Argue forcefully and persuasively , for your 
position, presenting as ^aany facts as you can to support your 
point ofs view. Criticalily listen to the Opposing pair's po- 
sition, asking them 'for the facts that sjipport their point of 
vi6w. Remember, this is a complex issue and you need to know 
both sides to write a gobd report. Work together as a total 
group to get all the facjbs out. Make sure you, understand the 
facts that support both t^oints of view. 



4. Role reversal. Reverse 



the perspectives., in the group by each 
pair arguing the opposing pair's position. In arguing for the 
opposing pair's position' be as forceful and persuasive as you 
can. See if you can think" of any new facts that the opposing 
pair did not think to present. El^aborate their position. 

Com e to a group decision ;that all four of you can agree with. 
Sununarize the best arguments for both points of view. Detail 
what you know (facts) about Acid Precipitation and the Industrial 
and Environmental points of view. When you have consensus in 
your group, organize your argument s...to, present vto the entire 
class. Other groups may make the opposite decision and you 
need to defend the validity of your decision in the Entire 
class. 



RULES : 



\ 



3. 



I am critical of ideas, not people. I. challenge and refut\ the 
ideas of the opposing pair, but I do not indicate taht I person- 
ally reject them. 

I focus on-coming to the best decision possible, not on "winning, 

I encourage everyone to participate and to master all the rel-r 
evant information. 



4. I listen. to everyone's, ideas, even if I don't agree, 



5. 
6. 

7. 
3. 



I restate what someone--has— said—i-f— -i-t— i-s-not— G-lear. t 

I first bring out all ideas and facts supportii?g both slides, and 
then I try to put them together in a way that makes sense. 



I try to understand both sides of the issue, 

ridenci 

^62 



I change my mind when the evidence clearly indicates that I 
should do so. / 
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Acid Precipitation Controversy 
Pro Environment 

••A chemical leprosy is eating away at the face of the U.S. It's 
populary known as acid rain, but rain isn't the only culprit. The 
true name for this phenomena is acid precipitation • In addition to 
acid-rain,, it includes acid snow, acid sleet, acid hail, acid frost, 
acid" rime, acid fog, acid mist, acid dew and 'dry' deposits of acid 
particles, aerosols ^nd gases. And it's not only tihis countrjf's 
problem'. It is, however, the responsibility of the U.S. - as both 
perpetrator and victim of^this ecological crime - to recognize 
the extreme dangers of acid precipitation and to take steps to 
remedy it before it becomes o persasive as to be irreversible," 



ERLC 



Yoar position is to take legislative action immediately to rectify 
the problem of acid precipitation. Whether or not you agree with . . 
this position, argue for it as strongly as you can. Use arguments 

that make sense and are rational* Be creative, and invent new sup- 
porting arguments. Remember* to learn the rationale for both your 
position and the industrial position. Challenge the industrial' po- 
sition; think of loopholes in their logic; demand facts and infor- 
mation to back up their arguments.. 

1. Acid precipitation can kill f ish' andf' other\aquatic life 
outright. In Scandinavia, which is downwind oi; pollution 
pumped into the skies of Western Europe, it has already 
destroyed fish life in 5,000 lakes in Southwestern 
Sweden and in seven Atlantic salmon rivers and 1,500 
lakes in southern Norway. 

2. Acid precipitation can have damaging effects on human , 
health through inhalation and leaching of toxic materials 
into drinking water supplies. 

# 

3. Acid precipitation may pose a menace to crops and forests. 

4,. Acid deposition is already disfiguring buildings and monu-- 
ments, including the U.S. capitol. The east side of the 
capitol has craters k inch or more in it. Because of -acid 
precipitati<>n, the hard minerals in the marble have changed^ 
to talc • ^ , ' 

4 

5* Although the data are meager, the evidence indicates that 
in the last 20 to 30 years, the acidity of the precipita- 
tion has increased in many parts of the U.S. At present 
the U.S. ajinually discharged more than 26 million tons of 
sulfur dioxide into the atmosphere. Just three states, 
Ohio, Indiana, and Illinois, are responsible foy nearly 
a quarter of thistp^al, ' - 

: TT-^T" . , 

6 • Acid precipitation occurs when sulfur dioxiae and nitrogen 
oxides combine in the atmosphere and change chemically •into 
acid, which falls to the earth mixed 'with some 'form of 
precipitation. The pollutants come primarily from burning 
, ' coal and petroleum. About 90% of ^the sulfur in the at- 

mosphere of the northeastern United States comes from man- 
made sources. 
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Acid Precipitation Controversy 

Pro Environment ^ J 

I 

Page^ Two \ 



Overall, two- thirds of the sulfur dioxide in the U.S. 
skies comes from gas-, coal-, and. oil-fired power plants. 
Other sources: industrial boilers, smelters and refin- 
eries, 26%.; commercial institutions and resid^ences, 5%; 
and transportat^'ion, 3%. Between now and the year 2000, 
utilities are expected to double the amount of x:oal' 
burned. ' 

After the Clean Air Act was passed in 1970, > utilities of- 
ten sought to meet their standards by building very tall . 
stacks. The EPA calculates' that there are now 180 stacks 
more than 500 feet tall as compared to only two in 1969. 
Tall stacks can relieve local air pollution, but they a:n- - 
crease acid precif)itation in downwind- areas. Also, ^be- 
cause of the tall stacks, acid precipitation cart 'be carried 
hundreds of miles in the atmosphere. The acidity pf lakes 
in New York's Adirondack Mountains may be due to the acidic 
components of deposition originating from such distant 

sources as midwest coal-fired plants. ' ' * ^ * . 

» * 

Acid precipit;ation is increasing. In the United States, in 
'the Adirondack mountains, more than half of the remote 
imoun'tain lakes at- elevation greater than 2000 feet demon- 
istrated pH values of below 5.0; of these lakes, 90 percent 
contained no fish. In contrast, between 1929 and 1937, 
only 4 percent' of these ]|akes had a pH. of under 5.0 or 
were devoid of fish. Th© mean pH of 320 lakes was 6.5 
in 1930-1938. The mean pH of -216 Adirondack lakes m 
' 1969-1975 was 4.8. ; 

There is every indication that the Reagan Administration^ 
is planning to gut the Clean Air Act when it comes up for 
renewal or amendment in Congress. The Clean Air Act, 
which as written in 1970, doesn't really address the problem 
of acid precipitation, needs strengthening, not gutting- 
esdecially by the inclusion of me'asures to curtail acid 
'precipitation. The revised"^ law should requi're, amojig 
other things, the burning of low-sulfur coal, the installa- 
tion of scrubbers at critical plants, investment m alter- 
native energy sources and the establishment of emissions • 
standards on a regional- basis. ' The costs would be^ very 
little compared to the rate hilces imposed in recent years 
by OPEC. A 2% surcharge on the average utility bill in 
the East would get r^d .of Jialf the, sulfur dioxide. in the . 
reqion. ^ These aren't far-out figures advanced by some 
wild-eyed ecor freak; they're frbm the report of the \ 
National Commission on Air Quality, the members of which ^ 
are appointed by the President. ,^ 
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*The majority of the statements are direct quotes froi 
in Sports Illustrated , "An American Tragfedy". Sport 
.'ieptember 2, 1981 by Robert H, ^oyle.. 
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Acid Precipitation Controversy 
Pro Industry 



"Acid precipitation includes acid: rain, snow, sleet, hail, frost,, 
fog, mist, dew, etc... It is a problem in the United States and 
elswhere ia the world. But the listed causes of acid rain are ^ 
only hypotheses advanced by scientists to explain certain observa- 
tions that they do not know how else to intepret. They are not 
the conclusions of experiments designed to trace acid rain from 
the emission sources. Until cause/effect can conclusively be 

established, stringent contjcols on industry would not only be pre- 
sumptuous/ but costly. 

Your position is that since neither hard scientific evidence has 
been presented nor the level of control^ requirements stipulated, 
the utility industry cannot accept new EPA regulation as "truly 
practical." The industry will accept a "truly practical" solution 
if it can be shown to be cost-effective when all remedial* measures, 
not just emission contrpl, are considered in an objective evalua- 
tion. Whether or not you agree' with this position, argue for it 
as strongly as you can. Use arguments ti^at make • sense and are 
rational. Be creative and invent new supporting arguments. Remem- 
ber to learn the rationale for both your position and the environ- 
mental position. Challenge the environmental position; think of 
loopholes in their logic; demand facts and information to back up 
their' arguments. * 

" ^ 1. EPA's line of reasoning is to imply causality by associa- 
tion rather than by scientific proof of linkage. If , the 
relationship between power plant emissions and acid pre- 
cipitation is so oveirwhelmling', as implied in the EPA 
document, the utility industry fails to understand why in- 
. ^ vestigators have net been able to trace acid precipita- 
. '.on back to the source emissions nor provide quantitative 
linkage. 

^ \ 

'2. The problem is complex. Several^ factors other than acid 
precipitation are involved in ecosystem behavior. Not all. 
observed environmenta"' changes are attributable to acid 
rain alone. To blame ^hatiges on acid rain without proof 
is scientifically unsound and will not solve the acid rain 
problem. ^. 

3. The utiJ.iby industry is concerned about environmental pro- 
tection, but at a time when the industry is plagued with 
financial problems due to inf]/ation and increased fuel 
costs, it cannot afford to invest large sums of money on 
control measures that provide no assured benefits for the 
environment. The industry is aware of acid rain and i^ 
funding research aimed at determining cause-effect rela- 
tionships so that one can devise any necessary cost-effec- 
tive remedial measures. 
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Past experience has shown that the midwestern and eastern 
high sulfur coal industry has been subjected to sigr^ifi-- 
cant economip impacts when sulfur dioxide emission Revels 
had to be reduced. At the present time, proceedings re- 
lated to interstate atmospherip deposition coulS affect 
approxirnateliy 2,380 mining jobs and 191 mllion dollars 
in annual ecpnomic input, and , this estimate includes only 
a portion of the mines that c6uld potentially be a|fected. 
The effect on these mines wil^ be dependent on the control 
scheme selected. At the present time, based on the in- 
vestigations- of a number of individuals, the relationship 
between souilce of emissions ^and effects is not well es- 
tablished* i ; ^ ' 

One of the BPA's "facts" is/ that acid precipita^tion is in- 
creasing based on data collection from the past and -present 
data.. To determine the pHjchanges, one must recognize that 
the pH of l4ke water varies with depth and witjh time from 
year to year, from season to season within a year and from 
hour to hour within a day. Without considering the time 
and location of the measurement of pH within a waterbody, 
one cannot 4ster)^ine trends nor attach statistical sig- 
nificance t4 findings. By 1 simply comparing two data 
points (one ^historic and one now) , one cannot tell if any 
difference Observed is within natural variability. (Daily 
variation cajn be between 1-A2 pH units) 

As far as the emission estimates go, this is one way of 
playing with! numbers to make\power plant emissions look 
large* In short, the total Stationary combustion sources 
in the Unitecl States contributed approximately a 10% con- 
tribution onja global basis. \ 



7.| Nowhere in the EPA document is\anything m^ntioi^ed about 
i what the emission control costslwill buy in terms of en- 
^ vironmental protection. We are\^not speaking of the dollar 
values of environmental protection. We are speaking of how 
much pH changfe will be observed in precipitation and in 
lake water and how many lakes will once again support fish. 
Perhaps this -is understandable. W EPA's own admission, 
"there is nO; clear cut relationship between specific 
emissions and iacid rain." If that is the case, it is un- 
certain if ad(iitional emission control on sulfur dioxide 
..will have any bf feet on the acidit^ of precipitation* 

If both nitratl and sulfate in the Win> can be halved by 
somfe means, th^ pirecipitation pH at\most changes from 4-2 
to 4.5 If sulfat/e alone is halved, ^Jthe precipitation pH 
may change at most from 4.2 to 4.4 This does not say 
that halving the power plant emissioi\s will halve the acid 
concentrations jin the rain. It does indicate that emission 
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Controls may not be very effective in changing pre- 
cipitation pH values • 

9* The estimates of potential damage to vegetation are 

based on laboratory studies where unrealistically large 
doses of acid were applied to the test organisms. It 
can be said that very little of the implied damage has 
been observed in the field. Dama'ges in the nearby field 
of local point sources have been problems in the past. 
They are being brought under control by current ambient 
aif quality standards. On farm lands and in forested ^ 
areas, vegetation is still reliant upon timely rains, 
acidic or not. What farmers and foresters do in their 
normal practices will have more profound impacts on the 
productivity of their crops and forests than what the 
acidity of rain can do to vegetation. 

The majority of these statements were directly taken from a re- 
port put out by the Ediso/ Electric Institute in response to the 
EPA report on acid precipitation. 
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